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Abstract
The Medina Group succession in southwestern Ontario includes, in ascending order: the
Whirlpool, Manitoulin, Cabot Head, Power Glen, Devils Hole-Balls Falls, Grimsby, and
Thorold formations. Subsurface mapping in central and eastern Lake Erie has resulted in the
recognition of three stratigraphic packages within the Medina Group based upon the
integration of sedimentologic, stratigraphic and geophysical borehole logs. The interplay
between changing paleoenvironments, sediment provenance, and regional tectonics and
associated sea level fluctuations has resulted in the accumulation of a complex mosaic of
mixed siliciclastics and carbonates. Manitoulin Formation carbonates and Whirlpool
Formation siliciclastics display consistent thicknesses across the study area. Sitting
disconformably above these strata are the Cabot Head/Power Glen grey/green shales with
thin quartz sandstone stringers. This shale-dominated succession is overlain by the Devils
Hole Formation pink/grey, slightly dolomitic medium to fine grade quartz sandstones and the
Ball’s Falls dolostones and mixed dolomitic shales. A subregional phosphatic nodule
horizon, recognized in the Niagara Region as the Artpark phosphate bed, has been correlated
across the study area. The overlying Grimsby Formation is characterized by interbedded red
and green sandstones, siltstones, and shales, with multiple bryozoan biostromes in the
western part of the study area. The greenish-grey quartz arenites of the Thorold Formation
cap the Medina Group succession and with the underlying Grimsby Formation represent a
historically significant gas play in southwestern Ontario.

Keywords
Lithofacies analysis, subsurface mapping, sequence stratigraphy, stratigraphy,
sedimentology, 3D mapping, Medina Group, Appalachian Basin, Silurian, facies
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Summary for Lay Audience
The Medina Group stratigraphy in southwestern Ontario includes, in ascending order: the
Whirlpool, Manitoulin, Cabot Head, Power Glen, Devils Hole-Ball’s Falls, Grimsby, and
Thorold formations. The depositional environments represented in these formations
underwent many changes over the Silurian age, resulting in a complex layering of these units.
Some of the formations in the Medina Group do not have adequate descriptions and therefore
confusion exists in relating the descriptions of these formations to other forms of data, such
as geophysical logs and previous studies. 47 wells were chosen that compiled a set number
of characteristics (e.g contained core, drill cuttings, and geophysical logs) that would aid in
the description of the 7 formations. Once the core was described, the information was
translated and correlated to geophysical log signatures. By combining detailed core logging
and drill cutting descriptions with available geophysical borehole logs (gamma-ray and
neutron) data, this combination of data develops criteria to describe formational contacts for
future geologists to compare and study. The combination of this data can then help infer the
environment that these formations were deposited in, aiding in the description of the
geometry of the geology in the subsurface. This geometry can then aid in 3D modelling, or
aid in the exploration of oil and natural gas in the subsurface of Ontario.
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Chapter 1

1

Introduction

1.1 Lower Silurian Stratigraphy of Southwestern Ontario
The bedrock geology of southern Ontario comprises upwards of 1400 m of Paleozoic
sedimentary strata that range in age from Upper Cambrian to Mississippian (Johnson et
al. 1992; Armstrong and Carter 2010). Paleogeographically, southern Ontario was
positioned in southern tropical latitudes during the depositional and erosional history of
the Clinton and Medina successions (Johnson et al. 1992; Jin et al. 2013; Jin et al. 2018).
Although Ontario has a Paleozoic depositional history ranging from the Upper Cambrian
to Mississippian, the succession in southwestern Ontario mostly comprises Upper
Ordovician to Upper Devonian mixed carbonate-shale-evaporite cyclic deposits that form
three prominent escarpments and cuestas (Brunton and Dodge 2008; Brunton and
Brintnell 2020). Study of these sedimentary rocks is important for our understanding of
the Earth and life history, such as the biodiversity responses to drastic changes in climate
and sea level, and the tectonic and orogenic history of eastern North America. These
Paleozoic sedimentary rocks host significant potable ground waters and are important
sources of aggregate, building stone and industrial minerals, and in the deeper subsurface
both host and store hydrocarbons.
During the early Paleozoic (Ordovician, Silurian, and Devonian periods), the
paleocontinent Laurentia straddled the equator. The region now situated in southwestern
Ontario was approximately 20-30 degrees south of the paleoequator and was covered by
epeiric seas of varying depths (Johnson et al. 1992; Johnson et al. 1998; Jin et al. 2013;
Jin et al. 2018). From the Late Ordovician to the early Silurian, southern Ontario
straddled two sedimentary basins: the Alleghany Subbasin-Appalachian Foreland Basin
located to the southeast, and the Michigan Structural Basin in the northwest (Johnson et
al. 1992; Figure 1.1)
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Figure 1.1. Tectonic and structural elements associated with Phanerozoic strata of
the Michigan structural basin and adjacent Appalachian Foreland Basin in
southern Ontario and adjacent US states (modified from Sanford et al. 1985).
Contours show thickness of Phanerozoic rocks in m. Also shown is the position of
the Proterozoic-age midcontinent rift (Michigan Rift Zone) relative to the younger
Grenville Front Tectonic Zone (yellow line) and the position and orientation (see
contour trend) of the Chatham Sag (CS). The Algonquin Arch (AA), or forebulge,
area is positioned further to the south than has been traditionally shown in other
publications (e.g., Brett, Goodman, and LoDuca 1990; Johnson et al. 1992;
Armstrong and Carter 2010) to reflect the sequence stratigraphic characteristics of
upper Clinton Group and Lockport Group strata. Regional drilling and integration
of subsurface data between Hamilton and Cambridge-Guelph has enabled improved
understanding of the changing positions of forebulge migration (Algonquin Arch)
during deposition of Clinton and Lockport Group strata in southwestern Ontario
(modified from Brunton and Piersol 2009; see Brunton et al. 2012)
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1.2 Rationale and General Objectives
The Taconic orogeny, comprising various tectophases (durations of 1-5 million years;
Jamieson and Beaumont 1988; Ettensohn 1991, 1994, 2008; Ettensohn and Brett 2002)
spanning the Late Ordovician-early Silurian, represents a series of plate collisions and
associated strike-slip and thrust faulting and mountain building that resulted in the
creation of a linear foreland basin on the cratonic side along the eastern margin of
Laurentia (Paleozoic tectonic plate consisting mainly of North America and Greenland;
Coakley and Gurnis 1995; Ettensohn and Brett 2002; Ettensohn 2008; Brunton and
Brintnell 2020). Short-lived tectophases resulted in episodic down-warping along parts of
the foreland basin and upwarping on the far field side of the basin. Such upwarping
produced forebulge migration phases that were coincident with paleoclimatic and
paleogeographic conditions associated with southern hemisphere glaciations, global sea
level changes and mass extinctions.
The episodic plate tectonic activity resulted in rapidly changing depositional
environments and the juxtaposition of varied lithofacies belts on the far-field side of the
Appalachian Foreland Basin of Laurentia (southwestern Ontario; Brett et al. 1990b; Brett
et al. 1995; Ettensohn and Brett 2002; Ettensohn et al. 2002; Ettensohn 2008; Brunton et
al. 2012; Jin et al. 2013; Jin et al. 2018; Figure 1.2). During the latest Ordovician to early
Silurian, glaciation and sea-level drawdown resulted in creation of significant
disconformities like the Cherokee Discontinuity that marks the Queenston-Whirlpool
and/or Manitoulin contact (see Dennison and Head 1975; Middleton 1987; Brett et al.
1990a; Brett et al. 1995; see global discussion in Caputo 1998; Munnecke et al. 2010).
During the Silurian Period, the Earth was characterized by generally warmer climates and
higher sea levels than today (see critical review in Munnecke et al. 2010; Melchin et al.
2012). The beginning of the period was marked by a recovery of the Earth’s life and
transgressive paleoenvironments following the Late Ordovician glaciations and stepwise
mass extinction events (e.g. Alroy 2008; Rasmussen et al. 2019). Minor glaciations
punctuated the greenhouse climate in early Silurian, associated with significant sea-level
fluctuations and marine transgressive-regressive cycles.
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Figure 1.2. Tectophases for eastern margin of Laurentia during the Phanerozoic
(pre- and post-Pangea; modified from Sanford et al. 1985) to show temporal range
of Salinic Disturbance/Orogeny (see references and discussion in Brunton and
Brintnell 2020). The band widths represent relative tectonic intensity during various
tectophases, associated basement reactivation, mantle adjustments and far-field
forebulge responses along the Appalachian Foreland Basin (Ettensohn 2008;
Ettensohn and Brett 2002). The relative significance of tectophase activity and
regional unconformities evident in the early Silurian stratigraphic succession in
southwestern Ontario are not adequately reflected for the Silurian Period. Terrains
along eastern Laurentia and regions on the far-field side of the Appalachian
Foreland Basin within Laurentia (representing southern Ontario and Michigan
today) record evidence of episodic volcanism with associated bentonites, regional
scale earthquakes with associated seismites, and regional unconformities related to
forebulge

migration

PC=Precambrian.

and

relaxation

(Brunton

and

Brintnell,

2020).
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Geographically, the northern flank of the Alleghany sub-basin of the larger Appalachian
Foreland Basin is present in Ontario, with many of the Clinton-Medina Group strata
showing thinning and pinching out from Lake Erie into southwestern Ontario and
forming regional disconformities. The general lack of evidence of post-Pangaean
orogenesis and preservation of Mesozoic and Cenozoic stratigraphy in southern Ontario,
has enabled for the long-term erosion of Paleozoic strata off the Precambrian shield. This
has resulted in the establishment of three Paleozoic bedrock escarpments and cuestas and
an ancient paleokarstic drainage system – the Niagara Escarpment being the most
prominent (Brunton and Dodge 2008; Brunton and Brintnell 2020; Figure. 1.3). Multiple
phases of continental glacial-interglacial phases over the past few million years have
resulted in much of the Niagara Escarpment cuesta and scarp bedrock being covered by
Quaternary glacial sediments. Therefore, regional mapping of Medina Group stratigraphy
requires subsurface mapping using exploration oil/gas wells. Fortunately, the Medina and
Clinton Group strata are important natural gas plays, so there is decent coverage where
the rocks are preserved in the subsurface.
Clinton and Medina groups comprise siliciclastic (sandstone and shale) and minor
carbonate sedimentary rocks that crop out and subcrop along the Niagara Escarpment and
occur in subsurface across parts of southwestern Ontario. Although stratigraphic studies
of Silurian strata began in the Niagara region more than 150 years ago (Williams 1919;
Bolton 1953, 1957, 1965; Sanford 1969; Brett et al. 1995), there is still much detailed
work to be done regarding characterization of formational top picks and lithofacies
descriptions of key rock units (see discussion in Paterson et al. 2020; Figure 18.1). The
Medina Group comprises various formations, including, in descending order, the Kodak,
Cambria, Thorold, Grimsby, Devils Hole, Ball’s Falls, Power Glen, Cabot Head and
Whirlpool formations (for the evolution of stratigraphic nomenclature, refer to Telford
1978; Johnson et al. 1992; Brett et al. 1995; Brunton et al. 2017; Brett, Brunton and
Calkin 2018; Brunton and Brintnell 2020; see Figure 1.3). The Grimsby, Thorold and
Whirlpool formations are important natural gas reservoirs that occur both onshore and
offshore in southwestern Ontario (most of the larger active natural gas pools occur under
Lake Erie).
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Figure 1.3. Revised terminology of Paleozoic strata for south-central and southwestern Ontario (modified after Winder 1961; Beards 1967; Winder and Sanford
1972; Armstrong and Carter 2010; Brunton et al. 2017; Brunton and Brintnell
2020). Group names are in capitals, members in italics, and abandoned formation
names (Amabel) or regionally restricted but valid names (Reynales) that have been
mis-correlated in past studies are in brackets (e.g. Amabel Formation has been
shown to comprise the Irondequoit and Rochester/Lions Head formations of Clinton
Group and Gasport Formation and lower member of Goat Island Formation of
Lockport Group; Brunton and Brintnell 2011; Brunton et al. 2012). The ephemeral
salt- and sulfate-bearing successions are purple, sandstones are yellow, and the
shale-bearing intervals depict organic-rich shales (black) and variably reduced and
oxidized (green and red) shale intervals within mixed siliciclastic/carbonate
successions. The thick carbonate successions are varied – organic-rich units (e.g.
Collingwood, parts of Eramosa, A-1 carbonate) are dark blue, mixed limestone and
shale units are medium blue, limestones lighter blue, and dolostones lightest blue.
Ordovician and Devonian carbonates are largely limestones and Silurian carbonates
are predominantly dolostones. The Phanerozoic bedrock topography is depicted by
the erosional line (thickened black zig-zag line) from lower right to upper left of
stepped karstic cuestas (key escarpments labelled; Figure 2) that overlie above
Grenville Geologic Province crystalline rocks from Lake Simcoe-Frontenac Arch
area to Windsor area (northeast to southwest – see geographic regions at top of
figure). The remaining horizontal black zigzag lines reflect unconformities/sequence
boundaries – line thicknesses signify inferred missing time interval – note
Cambrian, Lower to Middle Ordovician and Lower Silurian gaps in sedimentation.
Oil- and gas-bearing units (deeper subsurface) and the main potable water zones
(upper 250m) in carbonate cuesta successions are highlighted – the blue vertical
boxes depict main stratigraphic intervals of potable water zones – relative widths
and sizes of boxes graphically depict significance of regional to sub-regional flow
zones/aquifers (Brunton 2009b; Brunton and Piersol 2009; Brunton et al. 2017).
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The Ordovician-Silurian boundary is located within this stratigraphic interval, but the
precise position of the boundary is currently being re-evaluated and is not addressed in
this study (see Schröer et al. 2016). The interplay between forebulge migration phases
(short-lived tectonic activity), and paleoclimatic and paleogeographic conditions
associated with this boundary interval (glaciations, global sea-level changes, marine
invertebrate mass extinctions) resulted in complex and rapidly changing depositional
environments on the far-field side of the Appalachian Foreland Basin of Laurentia (now
southwestern Ontario; Brett, Goodman and LoDuca 1990a; Brett et al. 1995; Ettensohn
and Brett 2002; Ettensohn et al. 2002; Ettensohn 2008; Brunton et al. 2012; Jin et al.
2013; Jin et al. 2018).
Over the past seven years the Ontario Geological Survey (OGS), Geological Survey of
Canada (GSC-NRCan), and staff at the Oil, Gas, Salt Resources Library (London,
Ontario), have collaborated to update the Paleozoic lithostratigraphic chart (Brunton et al.
2017; Brunton and Brintnell 2020) and produce the first 3D Paleozoic bedrock Leapfrog
model of southcentral and southwestern Ontario (>1400m of strata covering 110,000
km2; Figures 1.3, 1.4; Carter et al. 2019; Clark et al. 2019; Clark et al. 2020). A key part
of this regional study has involved an assessment of lithofacies characteristics to develop
criteria to pick formational-rank stratigraphic contacts (quality assurance/quality control
(QA/QC) involving integration of core, drill cuttings, and geophysics data), and the
continued refinement of the Paleozoic lithostratigraphic chart (Figure 1.3; Brunton and
Brintnell 2020). This study forms part of the ongoing work by the Ontario Geological
Survey Paleozoic mapping team to update the lithostratigraphy of southern Ontario.
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Figure 1.4. The 3-D Leapfrog® Works model of Paleozoic bedrock geology and
topography (Quaternary sedimentary cover removed) for southcentral and
southwestern Ontario (Brunton et al. 2017; Carter et al. 2019). The 3 key stacked
carbonate cuestas and escarpment positions are delineated (Devonian Onondaga
Escarpment; Silurian Niagara Escarpment; and Ordovician Escarpment). The
stratigraphic succession of interest ranges from the Thorold Formation (top of
Medina Group) to the top of the Queenston Formation (base of the Medina Group).
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1.3 Definition of Research Questions
The historical development of the stratigraphic nomenclature for the lower Silurian
siliciclastic succession in southwestern Ontario is both confusing and complex (see
Winder 1961; Beards 1967; Martini 1971, 1974a, 1974b; Martini and Salas 1983; Martini
and Kwong 1985; Rickard 1975; Telford 1978; Duke and Brusse 1987; Brett et al. 1995;
Armstrong and Carter 2010; Cramer et al. 2011; Armstrong and Carter (2006, 2010).
This study builds upon the previous outcrop and selected subsurface mapping studies of
Medina and Clinton Group strata in southwestern Ontario and adjacent Lake Erie states
(see Gietz 1952; Martini 1965, 1971, 1972, 1974a,b; Pemberton 1979, 1987; Fournier et
al. 1980; Bates 1989; Brogly 1984, 1990; Brogly, Martini and Middleton 1998; Rutka
1986; Anastas 1992; Benincasa 1996; Johnson et al. 1992; Armstrong and Carter 2010;
Brett et al. 1995; Brunton and Brintnell 2020).
Despite the extensive studies by government, industrial explorationists, and academic
researchers, several important challenges remain regarding development of an improved
understanding of the subregional stratigraphic character of the Medina Group, including:
1) Inconsistent formation-rank top pick criteria for designated stratigraphic units;
2) Contradictory historical stratigraphic nomenclature and unit descriptions between
geologists and across jurisdictional boundaries, resulting in changing designations
of type sections and approaches to regional stratigraphic correlations;
3) Lack of well-exposed and accessible Medina and Clinton group outcrops along
the Niagara Escarpment and re-entrants/bedrock valleys. Majority of quarries are
long abandoned and overgrown or rehabilitated;
4) Too few continuously cored wells through the entire Clinton and Medina Group
strata in the subsurface. Lake Erie Medina-Clinton Group gas exploration has
decreased substantially over the past few decades, and many early drilling records
have poor stratigraphic information and generally no core or geophysics and/or
drill cuttings.
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To resolve the stratigraphic problems defined above, this study involved the examination
of 47 cores situated from subsurface of Lake Erie to onshore areas of southwestern
Ontario, focussing on the Medina Group. Some of the formations in this succession do
not have adequate type section descriptions and, therefore, confusion exists in relating the
vertical changes in lithofacies to the geophysical log signatures in the boreholes. This
study aimed to improve the regional lithostratigraphy of these units in the subsurface of
southwestern Ontario by combining detailed core logging and drill cuttings descriptions,
with field observations of select outcrops. The study involved the integration of
geophysical log data with core description and analyses of key cores.
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Figure 1.5. Selected early Silurian stratigraphic nomenclature for Niagara
Escarpment region of southern Ontario (see discussions in Brunton 2008, 2009b;
Brunton et al. 2012). Abbreviations: “OGS 1992” refers to Johnson et al. (1992).
Group names are in bold, Formation names in upper & lower case, Member names
are italicized. Cramer et al. (2011) designated the entire early Silurian succession in
SW Ontario as the Niagaran Series. Note, other stratigraphic units are mentioned in
the text (from Brett 1983; Brett et al. 1990a; and Brett et al. 1995).
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This study involved the logging and photography of 23 priority cored wells and 24 select
secondary cored wells from the more than 260 cored wells that penetrate parts of the
Clinton and Medina groups, in order to undertake more detailed lithofacies analyses. This
subsurface stratigraphic refinement developed quality assurance/quality control (QA/QC)
criteria to classify formational rank picks on the surrounding wells that have only
geophysical logs and/or drill cuttings records. Emphasis was placed on selecting cored
wells spaced across the study area to assess variations in lithofacies and establish a
stratigraphic architecture. Research has focused on detailed logging of rock type,
sedimentary structures, fauna, and diagenetic alteration in the cores.
This study aims to contribute to the following aspects of the Medina Group stratigraphy:
1) Establishment of QA/QC protocols to better characterize formation
top/contact criteria and the correlation of some marker units within the
Medina Group; and
2) Identification of key formational-rank contacts and units within the Medina

Group that can lead to extrapolation of unit distributions away from key wells
into areas where only geophysical and/or select drill cuttings well data are
available. This information will be integrated into the Southern Ontario
Paleozoic 3D Leapfrog model.

1.4 Data and Methods
This subsurface-focused study primarily uses available core data to carry out lithofacies
analysis and stratigraphic correlation, then further supported by drill cuttings and digital
data. Data from wells drilled across offshore Lake Erie and onshore southern Ontario
since 1965 have been incorporated to create an updated regional perspective of the
Medina Group and its relationship to hydrocarbon potential and stratigraphic
distribution. Well information, geophysical logs, drill cuttings and physical core provide
the basic information needed to determine lithofacies analysis and establish a predictive
stratigraphic architecture.
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1.4.1

Core Analysis

The geologic information for this study is based on lithological data from cores and
gamma-ray, neutron, and density logs of 47 wells in central to eastern Lake Erie. Well
identification data is listed in Tables 1.1 and 1.2 and locations are shown in Figure 1.6.
Cores are stored at the Oil, Gas and Salt Resources Library in London, Ontario. A total of
2100 wells have been drilled in Lake Erie since 1913.
Wells were selected based upon completeness of cored intervals that extend from two
regional marker horizons: the base of the Clinton Group Rochester Formation to top of
the Queenston Formation. The initial data assessment identified 256 wells that combined
core, drill cuttings, porosity-permeability testing, and geophysical logs through the
Medina and Clinton groups. From the total list, wells were then categorized as primary
and secondary wells. Five fencepost wells, chosen from the priority wells list contain the
most complete available stratigraphic interval across the study area. Twenty-four priority
wells were chosen based on geographical location and most complete available
stratigraphic interval. Twenty-three secondary wells were based on geographical location
of priority wells and supplementary to specific stratigraphic intervals. Nine wells were
chosen from the primary and secondary well list, along with the five fencepost wells to
create two cross sections, A-A’ and B-B’ running west-east and north-south of the study
area, respectively.
The specific stratigraphic unit contacts logged include the Queenston, Whirlpool,
Manitoulin, Cabot Head, Grimsby, and Thorold formations. Detailed core logging of
lithology, sedimentary structures, fauna, and fabrics was completed for each formation.
The secondary formations, such as the Kodak, Cambria, Devils Hole, Power Glen
formations and two phosphate beds (the Densmore Creek and Artpark) were described
and noted and will be used for future work. Measurements were recorded based
on core depth measurement and geophysical log when necessary. Core depth
measurement was correlated to geophysical log and compared to previous geologic picks,
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and converted to metric units for consistency, if necessary. Stratigraphic logs were hand
drawn and digitized using GIMP, Inkscape, Adobe Photoshop, and Adobe Illustrator.
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Select Secondary Cores

Priority Cores

Licence No.

T002940
T003011
T003723
T003853
T002401
T003582
T003433
T003792
T004008
T004805
T005582
T005858
T002523
T002521
T002721
T006572
T002759
T002803
T007738
T007753
T008269
T008155
T002777
T003834
T003814
T003414
T003217
T003409
T003829
T003439
T003955
T003957
T003989
T004792
T005864
T002615
T001436
T002564
T002418
T006794
T003274
T007602
T008266
T008286
T008113
T008122
T008522

Name
Shawnee UBR N.Walsingham 2-10-VII
CPOG Haldimand No.1, Lake Erie 131-G-4
Consumers' 32271, Wainfleet 2-2-III
Anschutz, Lake Erie 22-S-4
Consumers' Pan Am 13022, Lake Erie 155-Y-3
Consumers' 13217, Lake Erie 120-H-3
Consumers' 13164, Lake Erie 157-M-2
Anschutz, Lake Erie 92-N-3
Place Anschutz, Lake Erie 19-X-1
Anschutz #4, Lake Erie 162-T-4
Consumers' 13755, Lake Erie 220-W-4
Pembina #4, Lake Erie 67-F-4
Consumers' Pan Am 13036, Lake Erie 118-M-2
Consumers' Pan Am 13044, Lake Erie 123-R-2
Consumers' Pan Am 13062, Lake Erie 124-D-3
Pembina #2, Lake Erie 65-E-2
Consumers' Pan Am 13057, Lake Erie 56-E-3
Consumers' Amoco 13102, Lake Erie 96-D-1
Pembina, Lake Erie 24-V-1
Pembina, Lake Erie 39-Y-3
Pembina East, Lake Erie 26-S-1B
Pembina, Lake Erie 72-O-1
Consumers' Amoco 13100, Lake Erie 126-P-2
Anschutz, Lake Erie 89-D-3
Anschutz Welland 7-Y, Lake Erie 7-Y-1
Consumers' 13153, Lake Erie 122-J-3
Consumers' 13089, Lake Erie 123-T-1
Consumers' 13148, Lake Erie 96-V-1
Consumers' 13291, Lake Erie 155-J-3
Consumers' 13170, Lake Erie 94-M-3
Anschutz, Lake Erie 6-R-4
Anschutz, Lake Erie 5-X-2
Anschutz, Lake Erie 8-V-1
Anschutz #3, Lake Erie 162-G-3
Pembina #3, Lake Erie 41-P-3
Consumers' Pan Am 13018, Lake Erie 183-N-4
M & M Lake Erie No.750-56, Lake Erie 44-S-1
Consumers' Pan Am 13035, Lake Erie 101-K-3
Consumers' Pan Am 13023, Lake Erie 156-C-1
Pembina #4, Lake Erie 62-T-4
Consumers' 13138, Lake Erie 158-H-1
Telesis 13922, Lake Erie 95-H-4
Pembina East, Lake Erie 26-M-1A
Pembina East, Lake Erie 39-T-2
Pembina, Lake Erie 21-X-2
Pembina, Lake Erie 71-I-3
Pembina Central, Lake Erie 184-I-2

Core No.

Photos?

103
146
173
229
292
317
337
371
683
694
766
774
808
809
848
916
999
1001
1012
1013
1039
1040
1064
106
107
273
306
341
386
438
656
677
679
695
773
802
831
834
836
914
977
1011
1037
1038
1041
1043
1062

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Latitude (°N) Longitude (°W)

42.689917
42.471973
42.924577
42.770766
42.335377
42.470922
42.380302
42.537794
42.762577
42.353103
42.174185
42.636778
42.465602
42.437189
42.483383
42.662697
42.65088
42.577272
42.763228
42.669174
42.78042
42.63237
42.449409
42.56838
42.846169
42.468895
42.441889
42.512008
42.387148
42.537895
42.854226
42.845836
42.845714
42.386795
42.686767
42.283688
42.694529
42.533992
42.408383
42.604927
42.393652
42.55808
42.794753
42.696169
42.759555
42.640506
42.313939

−80.560778
−79.969498
−79.292114
−79.520797
−80.749466
−80.878161
−80.878113
−80.312474
−79.803898
−81.253852
−81.371415
−79.904361
−81.042642
−80.633263
−80.566509
−80.078964
−80.913745
−80.634566
−79.353905
−79.580631
−79.1869
−79.483887
−80.41642
−80.061757
−79.404242
−80.676011
−80.590103
−80.608841
−80.679604
−80.45919
−79.287293
−79.228746
−79.437181
−81.31257
−79.74629
−81.054033
−79.938541
−81.009307
−80.79152
−80.256462
−80.957607
−80.539007
−79.204095
−79.512053
−79.647645
−79.53019
−80.947083

19

Table 1.1. Priority and secondary wells selected for subsurface stratigraphic study
of Clinton and Medina groups under eastern and central Lake Erie and onshore in
southwestern Ontario (see Figure 1.6 (blue dots) for generalized well locations).
Priority reference (fencepost) cores are indicated in bold. Photographed cores have
been logged and formation contacts compared to picks summarized in Form 7
records in the Oil, Gas and Salt Resources Library, London, Ontario.
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Figure 1.6. Distribution map of: a) fencepost wells with core (red dots), priority and
secondary wells with core (blue dots) and porosity and/or permeability data within
the Clinton and Medina groups used in this study (wells listed in Table 1.1); b) all
exploration and development wells (yellow dots) with core cut within the Clinton
and Medina groups, as identified in the Ontario Petroleum Data System; and c)
Clinton and Medina groups gas pools (pale pink fill) (data from Oil, Gas and Salt
Resources Library, London, Ontario). More than 10 000 oil and gas wells (not all
indicated) penetrate parts of the lower Silurian strata in southwestern Ontario.
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1.4.2

Thin Section Analysis

A total of 13 thin sections was taken at different facies transitions of primary cores. Thin
sections were prepared by both the Oil, Gas and Salt Resources Library and in the Thin
Section

Lab

at

University

of

Western

Ontario,

both

located

in

London,

Ontario. Petrographic analysis was undertaken to examine textures and fabrics of
different lithofacies to support formation-rank picks. Thin sections were photographed
using a Nikon petrographic microscope equipped with a Nikon Ri2 digital camera in the
Paleontology Laboratory at the University of Western Ontario.

1.4.3

Cuttings Analysis

Where core recovery was poor, drill cuttings were used alongside geophysical logs to
infer picks of Medina Group formational-rank units. A total of 41 wells across the study
area required drill cuttings to support formational rank picks.

1.4.4

Regional Cross Sections

Regional cross sections, using mean sea level as a datum were created using the
formational tops as regionally correlative marker beds as correlation horizons, with the
Queenston Formation as the bottom correlation horizon. The cross sections are based on
lithological characteristics and geophysical log characteristics. Gamma-ray and neutron
logs are the most common geophysical logs (although bulk density and density porosity
logs are used in combination or when neutron logs are not available) and prove to be the
most useful for evaluating sedimentary rock types, and positions of lithofacies contacts,
including the positions of thin marker beds possessing geophysical responses/signatures.

1.5 Organization of Thesis
The thesis is divided into five chapters:
•

Chapter 1: Introduction and scope of study.
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•

Chapter 2: Summary of currently recognized stratigraphic units and lithofacies
within the study, and a brief discussion of the extensive revisions to the
nomenclature over 150 years.

•

Chapter 3: Descriptions of formational-rank units observed in the primary and
secondary wells within the study area, and the lithofacies relating to stratigraphic
boundaries in both core and outcrop.

•

Chapter 4: Discussion of new findings and observations used for revision of
particular formational-rank units, and the subsequent regional depositional history
of packages of formations based on the new findings.

•

Chapter 5: Summary and Conclusions, and suggested Future Work.
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Chapter 2

2

Stratigraphic Nomenclatural History of the Medina
Group

2.1 Introduction to the Medina Group
The long history of geological explorations in southwestern Ontario has resulted in a
complicated stratigraphic nomenclature for this lower Silurian siliciclastic-dominated
succession (Winder 1961; Martini 1971, 1975; Rickard 1975; Telford et al. 1978; Duke et
al. 1987; Brett et al. 1995; Cramer et al. 2011). Among the various stratigraphic units
discussed in the chapter above, the Grimsby, Thorold and Whirlpool formations are
important natural gas reservoirs that occur both onshore and offshore in southwestern
Ontario, with most of the larger active natural gas pools under Lake Erie.
The lower Silurian Clinton and Medina groups consist of a series of relatively thick
sandstone, shale, and carbonate units, with the siliciclastic sediments believed to be
sourced from the southeast and east in the Appalachian Foreland Basin, as increasingly
thicker and coarse-grained sediments occur towards the Taconic Orogen (Sanford et al.
1993b; Brett et al. 1995). The Medina Group strata represent a deltaic and shallow marine
environment, recording a series of latest Ordovician through early Silurian marine
transgressive and regressive phases resulting from an active progradation of the Medina
fringe delta (see papers and references in Duke et al. 1987; Cheel 1991; Brett et al. 1995;
Brunton and Brintnell 2020).
This study focuses on the five main formations of the Medina Group, including, in
ascending order, the Manitoulin and Whirlpool, Cabot Head, Grimsby, and Thorold
formations. The Cambria, Kodak, Balls Falls/Devil’s Hole, and Power Glen formations,
plus two phosphate beds (Densmore Creek and Artpark beds) will be discussed where
relevant in select cores. The upper Ordovician Queenston Formation represents the
peneplaned and disconformable regional datum.
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The term Medina Group (or Medina Formation of some authors) has been used in Ontario
(e.g., Martini 1971; Duke et al. 1987; Cheel 1991) primarily on the Niagara Peninsula,
from Hamilton to the Niagara Gorge. The Group name for the predominantly siliciclasticdominated formations is not used in petroleum well records (e.g. Armstrong and Carter
2010).
In this study, key cored holes with accompanying geophysical logs in the subsurface of
central and eastern Lake Erie region, and including selected wells located onshore in
southwestern Ontario will be the material basis for refining the stratigraphy of the
Medina Group. The availability of core for the target interval severely decreases
westward in Lake Erie and outcrops or subcrops occur only locally north of Lake Erie
along the Niagara Escarpment. These units and stratigraphically equivalent carbonatedominated strata crop out northward from the Bruce Peninsula to Manitoulin Island.
Many of the type sections and reference sections for the formations of this study occur in
the USA because accessible and viable outcrops are limited in southern Ontario.
Subsurface stratigraphic terminology for the Medina Group is summarized in Figure 1.3.
For this study the nomenclature outlined in Martini (1971), Duke et al. (1987), Duke
(1991), Duke et al. (1991), Brett et al. (1995), and Cramer et al. (2011) will be adopted,
and the focus will be on characterizing contact relationships on a subregional basis.
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Figure 2.1. Upper Ordovician and early Silurian Paleozoic stratigraphy and
simplified Quaternary geology of the Niagara Peninsula region, southwestern
Ontario (modified from Haynes 2000; Brunton and Brintnell 2020). Recent changes
in the position of the Ordovician–Silurian boundary and significance of the Devils
Hole Formation (quartz arenitic sandstones) and Ball’s Falls Formation (dolostone)
are discussed in text. The Cabot Head, Devils Hole and Ball’s Falls formations and
the younger Merritton and Rockway formations have been added. The latter 2
units were incorrectly correlated with the Reynales Formation in western New
York. The Lockport Group and Gasport, Goat Island and Eramosa formational
rank rock units are recognized. The Guelph Formation is generally not found at or
near the edge of the Niagara Escarpment or cuesta margin in the Niagara region.
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2.1.1

Queenston Formation

Grabau (1908) was the first to study the Queenston Formation in southern Ontario.
Important subsequent studies in Ontario were carried out by Foerste (1916, 1924), Parks
(1925), Dyer (1925), Caley (1940), Sanford (1961), Liberty (1969), Liberty and Bolton
(1971), Brogly (1984, 1990), Brogly et al. (1998), Donaldson (1989b), Hamblin (1999a,
b, 2016), and Armstrong (2001).
The Queenston Formation consists of red to maroon, noncalcareous to calcareous shale,
with subordinate amounts of green shale, siltstone, sandstone, and limestone (Brogly et
al. 1998; Johnson et al. 1992; Donaldson 1989; Armstrong and Carter, 2010). The
Formation ranges from 300 m thick below Lake Erie to less than 50 m at the north end of
the Bruce Peninsula (Sanford 1961, Armstrong and Carter 2010). Work completed by
Brogly et al (1998), Armstrong (2001), and Armstrong and Sergerie (2002) suggests that
the Queenston Formation can be divided into three members, which from top to bottom
include: Milton, Bronte Creek and basal Streetsville. The top unit comprises mainly red
shales, the middle unit comprises varying proportions of red and green shale, light green
and light red siltstone, sandstone, limestone and intraformational conglomerates; and the
basal unit that is similar to the middle unit but with thinner bedding to laminated units
(Armstrong 2001). Hamblin (2016) has recently proposed a novel interpretation of the
upper Milton Member as an ancient loess deposit that formed during a Late Ordovician
paleoclimatic cooling.
A thin interval of grey-green-colored shale commonly occurs at the top, just below the
contact with the overlying Whirlpool and Manitoulin formations (Armstrong and Carter
2010; Brunton and Brintnell 2020). This greenish-grey shale interval may be equivalent
to Centerville Formation of Foerste (1931). The uppermost Queenston Formation appears
fairly consistent lithologically in the study area (e.g. Rutka and Vos 1993, Rowell 2012).
Due to the scope of the study, only this uppermost portion of the Queenston Formation is
logged and discussed, and the Queenston top is used as one of the datums for
stratigraphic correlation. The contact between the Queenston and Whirlpool formations

27

represents a discontinuity or unconformity and has been called the Taconic, Cherokee,
and Tuscarora Unconformity in different regions of North America (see Wheeler 1963;
Sloss 1988; Dorsch et al. 1994; Brett et al. 1990a, b, 1991; Brett et al. 1995). The contact
is erosional and displays a subtle angular unconformity regionally based upon well
records. This interval also records one of the most significant extinction events in Earth
history (see Sheehan 2001). Lehmann et al. (1994) have suggested that this erosional
hiatus represents the interplay between glacio-eustatic sea level fluctuations and tectonic
flexural tilting to the south (see also Ettensohn and Brett 2002).

2.1.2

Whirlpool Formation

Known as the “White Medina” in some early studies, the Whirlpool sandstone was
named by Grabau (1909) for the white quartzose sandstone exposed at the whirlpool in
the Niagara River Gorge (see also Grabau 1913; Alling 1936; Brett et al. 1995).
The Whirlpool Formation comprises light grey to white, medium- to coarse-sand grade,
trough cross-bedded, quartzose sandstone with thin, dark grey to greenish-grey shale
clasts and interbeds (Brett et al. 1995). The formation can be separated into the Lower
and Upper units (Middleton et al. 1987). These characteristics include:
•

Lower Whirlpool: medium- to fine-sand-grade feldspathic sandstone with largescale, northwestward-dipping trough cross bedding (Alling 1936; Brett et al.
1990a) and large-scale tabular and festoon cross bedding, with channels up to 300
feet (91.4 m) wide (Brett and Calkin 1987). This unit is unfossilliferous and
contains paleocurrent indicators indicative of a braided fluvial environment
(Middleton et al. 1987; Rutka et al. 1991).

•

Upper Whirlpool: Characterized by hummocky cross stratification, oscillation
ripples, sparse fossils and a greater abundance of shale beds (Middleton et al.
1987, Brett et al. 1990a). This succession is generally described as an interbedded
fine-sand-grade sandstone and shale and contains features such as marine trace
and body fossils, marine microfossils, symmetrical ripple marks indicative of a
shallow, nearshore marine environment (Rutka et al. 1991), whereas the HCSbearing strata suggest deposition below fair-weather wave base. Other
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interpretations include the upper Whirlpool was deposited in an upper
shoreface/tidal flat/estuary environment (Johnson 1998).
A transgressive surface separates the deposits in nonmarine braided fluvial environments
of the Lower Whirlpool from those in the shallow marine, wave-influenced environment
of the Upper Whirlpool (Middleton et al, 1987, Brett et al. 1995). The transgressive
surface is sharp and defined by the presence of either a shale clast lag deposit,
symmetrical ripples, or regularly interbedded shale (Rutka, 1991; Brett et al. 1995).
The Whirlpool Formation is gradationally overlain by the Manitoulin Formation west of
Grimsby and by the Cabot Head and/or Power Glen Formation east of Grimsby.
Regionally, the Whirlpool Formation is mappable as far as Hamilton (Ontario), where it
begins to undergo facies changes, grading vertically into a carbonate facies of the
Manitoulin Dolomite (Brett et al. 1995). The Whirlpool Formation can be found
westward (Johnson 1998). The contact between the Whirlpool and Queenston formations
is sharp, planar and contains abundant green shale rip-up clasts and moulds of desiccation
cracks from the top of the Queenston (Alling 1936; Brett and Calkin 1987, Brett et al.
1995). When overlain by the Manitoulin Formation, the geological pick can only be made
in samples based on upward gradation from sandstone to dolostone (Armstrong and
Carter 2010). The contact between the Whirlpool and Cabot Head formations is sharp or
easily identifiable in some areas and gradational over approximately 1 m of section in
other areas (Brett et al. 1995, Armstrong and Carter 2010).
The type section for the Whirlpool Formation is located alongside the Canadian side of
the Niagara River Gorge (Grabau 1909). The type area encompasses 60 m of the ClintonMedina Group formations from the Whirlpool Formation up to the DeCew Formation.
Reference sections include DeCew Falls, Ontario, Route 403 roadcut in Hamilton,
Ontario, and in Lockport, New York at a railroad overpass on Niagara Street of adjacent
USA (Brett et al. 1995).

2.1.3

Manitoulin Formation

The Manitoulin Formation was established by Williams (1913) for the 50 feet (15.2 m)thick, thin- to medium-bedded, blue-grey, tan-weathered dolostones with intermittent
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shaly partings, exposed at the base of the Silurian succession on Manitoulin Island
(Bolton 1954; Brunton et al. 2009).
The formation is characterized by basal microbial-laminated green calcareous shales,
grading upward into both thinly bedded, muddy to skeletal dolostone beds, massive coralstromatoporoid reefs, and bryozoan-microbial, coralliferous, and siliceous sponge patch
reef mounds, distributed from Manitoulin Island to the Bruce Peninsula (Fay and Copper
1982; Copper and Fay 1989; Copper and Brunton 1991; Anastas and Coniglio 1992;
Brunton et al. 2009).
From the type area on Manitoulin Island (Williams 1913) southward, the Manitoulin
Formation disconformably overlies the Georgian Bay Formation carbonates (on
Manitoulin Island), the Queenston Formation (from northern Bruce Peninsula to the
Owen Sound areas) or the Whirlpool Formation (in Niagara Peninsula-eastern Lake Erie
areas). The formation thickens gradually northward on the Ontario mainland from about
1 m at Stoney Creek to 3.3 m in the Hamilton area, 8 m in Owen Sound (see Bolton 1953,
1954, 1957, 1965; Bolton and Liberty 1955; Sanford 1969), and up to more than 18 m on
Manitoulin Island (Brunton et al. 2009).

2.1.4

Cabot Head Formation

The Cabot Head Formation was named by Grabau (1913) and subsequently evolved into
several terminologies (see Bolton 1953, 1957; Liberty and Bolton 1971; Brunton et al.
2009; Brintnell et al. 2009).
The Cabot Head Formation consists of grey, green to red-maroon, noncalcareous shales,
with subordinate sandstone and carbonate interbeds (Johnson et al. 1992). It is generally
unfossilliferous, although a few thin, bryozoan-rich shale and argillaceous limestone beds
are present locally (Johnson et al. 1992). These bryozoan-bearing calcareous and
noncalcareous mudstone beds usually have a sharp base (Sanford 1969), grading upward
to greenish-grey, noncalcareous mudstones and dolomudstone wackestone beds. Across
southwestern Ontario, the Cabot Head Formation shales commonly show an upward
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grading from medium-grey to greenish-grey in the upper part of the formation (Sanford,
1969a). The uppermost Cabot Head formation is red, especially in the Bruce Peninsula
(Brintnell et al. 2009).
This formation can be traced from offshore Lake Erie to the Owen Sound area, with
variable thicknesses — a maximum of 40 m under west-central Lake Erie, 36 m in the
Owen Sound area, to approximately 12 m over the Algonquin Arch (Sanford, 1969a,
Rowell and Brunton 2011). Brintnell et al. (2009) noted that the variation in thickness
could be partly due to the uncertainty in picking the upper contact within part of the
Grimsby Formation and its lower contact with the Manitoulin Formation. For this thesis,
the Cabot Head Formation shales are considered gradational with the overlying unit and
can be identified on logs based on diagnostic criteria (see detailed discussions in the
following chapter).
The type section for this formation can be found at Rocky Bay (Clay Cliffs), at the north
end of the Bruce Peninsula (Grabau 1913; Bolton 1953, 1957; Liberty and Bolton 1971;
Brunton et al, 2009) Reference sections can be found in various locations along the
Niagara Escarpment and on Manitoulin Island.

2.1.5

Grimsby Formation

Williams (1914a) proposed the Grimsby as a member of the “Medina Formation” based
upon well-exposed sections of mixed sandstone and shale on the east side of the Niagara
Escarpment gorge at Grimsby. Gillette (1940) and Fisher (1954) used the term for the
lower Silurian red shales and sandstones below the Clinton Group (Brett et al. 1995).
Swartz et al. (1942) was the first to formally elevate the Grimsby to formational rank.
Liberty and Bolton (1956) used the term Grimsby Formation in Ontario, and this was
adopted in Rickard’s (1975) regional correlation charts (see also discussions in Brett et al.
1990a, 1990b, 1991, 1995).
The Grimsby Formation consists of interbedded red and green sandstones, siltstones, and
shales, interpreted as an overall shallowing-upward sequence that represents progradation
of shallow, marine tidal flat sands over marine muds (Martini, 1971; Duke and Fawcett,
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1987; Brett et al. 1995). The lower part of the formation consists of red to green shale
with interbeds of mainly red, planar laminated hummocky cross stratified, thin- to thickbedded sandstone (Johnson et al. 1992; Armstrong and Carter 2010). There is also
mention of coquinoid sandstone beds in basal Grimsby Formation (Writt 1977). The
upper part of the formation is dominated by red and green to white-mottled, channelized,
cross stratified, fine sand-grade, thin- to thick-bedded, quartzose sandstone (Johnson et al
1992; Armstrong and Carter 2010).
The Grimsby Formation can be traced laterally from Rochester, New York to Hamilton,
Ontario (Brett et al. 1995). Westward, the green coloration becomes increasingly
dominant, with green shale replacing the red shale and sandstone from the base of the
unit upward (Brett et al. 1995). One of the most defining features of the Grimsby
Sandstone is the red colouring, due to hematite coating of the sand grains, although the
colour change should be treated with caution because it reflects secondary diagenetic
alteration rather than a primary lithological boundary (Duke et al 1987). Defining the
boundary between the Grimsby and the overlying Thorold Formation is difficult because
the lithological and geophysical log characteristics are similar (Benincasa 1996). Where
the Thorold Formation is absent and the Grimsby Formation is overlain by Clinton Group
formations, there is good lithological contrast, as the overlying Merritton strata show a
change in gamma-ray response (see logs in Brunton and Brintnell, 2020).
The thickness of the Grimsby Formation ranges from 15 m on the Niagara Peninsula
(Bolton, 1957) to 24 m in the subsurface of eastern Lake Erie and pinches out (either
depositional or erosional) from the Hamilton area southwest to west-central Lake Erie
(Sanford 1969a; Benincasa 1996; Benincasa and Cheel 1997).
The type section for the Grimsby Formation is located along the east side of a gorge at
Forty Mile Creek in Grimsby, Ontario, although it is noted that it is considerably sandier
than the coeval strata on the American side of the Niagara region (Williams 1919, Fisher
1966; Brett et al. 1995). Reference sections include Balls Falls Conservation Area and the
Niagara River Gorge in Niagara Falls, Ontario, as well as the Somerset Railroad cut in
Lockport, and the gorge of Oak Orchard Creek at Medina, New York.
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2.1.6

Thorold Formation

The Thorold Formation was introduced as the Thorold Quartzite by Grabau (1913),
although similar informal terms were used much earlier by Eaton (1824) and Hall (1843).
This formation is predominantly a quartzose sandstone, although at the type locality in
New York quartzite is found (Williams 1919; Gillette 1947; see also Brett et al. 1995).
The formation consists of greenish grey to white, fine to coarse sand-grade quartzose
sandstone with minor thin grey to green shale or siltstone partings and shale intraclasts
(Williams 1919; Alling 1936; Johnson et al. 1992; Armstrong and Carter 2010). There
are numerous marine trace fossils, such as Daedalus and fragments of lingulid
brachiopods, and a variety of soft-sediment deformation characteristics, dependent on
location of two laterally correlative facies found in the United States and Canada
(Williams 1919; Pemberton 1987, Johnson et al. 1992; Brett et al. 1995).
The formation is 4–6.5 m thick in the outcrop belt and in the subsurface, pinching out in a
southwestwardly trending line from north of Hamilton to central Lake Erie (Bolton 1957;
Sanford, 1969). The contact between the Thorold Formation and the Grimsby Formation
is considered sharp and conformable. Local variability, however, led to recent
observations that the contact may also be unconformable in places (Gillette 1947, Duke
1991, Brett et al. 1995; Armstrong and Carter 2010).
Between Rochester and Niagara Falls, N.Y., the Thorold is sharply but conformably
overlain by the Cambria Shale (Brett et al. 1995). Between Niagara Falls and Hamilton,
Ontario, the Thorold is unconformably overlain by the phosphatic to calcareous
Densmore Creek Phosphate Bed or the Neagha Shale of the Clinton Group (Brett et al.
1995). Locally, the Thorold may be overlain by various strata of the Clinton Group, such
as the Neagha Shale, Rockway Formation, Merritton Formation, or the Reynales
Formation.
The type section is along the Welland Canal in Thorold, Ontario (Grabau 1913).
Reference sections can be found in the Niagara Gorge (Brett et al. 1995; Armstrong and
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Carter 2010), the Jolley Cut in Hamilton, Ontario, and Genesee River Gorge in
Rochester, New York (Brett et al. 1995).

2.2

Localized Stratigraphy of the Medina Group

Several local stratigraphic units of the Medina Group have been treated by some
geologists as formations (e.g., Brett et al. 1995), although their formal/formational status
are currently under review by the Ontario Geological Survey. In this study, the units
discussed below are treated as informal. Their recognition, where possible, is based upon
geophysical logs, but proper lithological descriptions remain to be done in the future.

2.2.1

Kodak Sandstone

The term Kodak Sandstone was first used by Chadwick (1935) to replace what was
formerly called the Thorold Sandstone (Brett et al. 1995). The Kodak Sandstone is
described as a medium grey to white, argillaceous, quartzose sandstone, with abundant
Daedalus trace fossils. Other lithological features, where preserved, are a rhythmic
alternation of sandy and shaly interbeds.
The Thorold-Kodak sandstone sheet, traditionally considered to be a laterally continuous,
diachronous unit, represents two discrete, closely isochronous sandstone bodies at
different stratigraphic levels (Duke et al. 1987; Brett et al. 1995). In Ontario, there is no
confirmed stratigraphic equivalent to the Kodak Sandstone; instead, the time interval
spanning deposition of the Cambria and Kodak is represented by the disconformity
between the Thorold Formation and Neagha Formation (Brett et al. 1995). Therefore, this
unit is not expected in this study area but is important to note for future studies.

2.2.2

Cambria Shale

The Cambria Shale originally proposed by Brett et al. (1995), refers to an unnamed shale
unit reported by Brett et al. (1990a, b) and informally named the Cambria Shale by Brett
et al. (1991, 1995). This unit is equivalent to the upper part of the Thorold Sandstone in
the terminology of Rickard (1975), and locally the same as the red-stained part of the
Grimsby Sandstone of Fisher (1953 a, b).
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The Cambria Shale is a red to reddish green, sparsely fossiliferous, interbedded sequence
of shale, siltstone, and fine-grained sandstone. It is divisible into lower and upper shales
separated by a middle sandstone interval. The upper and lower shales contain abundant
leperditiid ostracodes on bedding planes. The middle sandstone consists of red/greenmottled, bioturbated, argillaceous sandstone, with thin shale interbeds. Trace fossils of
Daedalus occur predominantly in the unit, and Rusophycus is found on the bottoms of
sandstone beds in the Genesee River Gorge sections.
The contact between the Cambria shale and the Thorold sandstone is sharp, the position
of this shale between the underlying Thorold sandstone and overlying Kodak sandstone
justifies its designation as a formal stratigraphic unit. This unit is found predominantly in
the United States, such as in the Lower Genesee River Gorge in Rochester, in Orleans
Country, and at Lockport Junction roadcut, New York (Brett et al. 2000). In Ontario it is
truncated beneath the boundary between the Medina and Clinton Groups (Brett et al.
1995). As well, this unit is not expected in this study area but is important to note for
future studies.

2.2.3

Devils Hole Formation/Ball’s Falls Member

The Devils Hole Formation terminology was used by Fisher (1954), Bolton (1957),
Rickard (1975), Duke and Fawcett (1987), Brett et al. (1990b), and Duke et al. (1991) for
a sequence of well sorted, white to very pale pink, slightly dolomitic, medium- to finegrained quartz arenite with some parallel laminated to hummocky cross stratification,
with minor interbeds of greenish-grey shale. This unit was once considered part of the
Grimsby sandstone (Brett et al. 1990b), as well as the Power Glen Shale (Bolton 1957),
or correlated to a middle unit of Cabot Head Formation (Brett et al. 1990a, 1990b, 1991).
Colours range from pink to pale grey in the sandstones, as well as facies changes from
pale yellowish grey, sandy dolostone to dolomitic sandstone with scattered phosphatic
nodules has caused issues with correlation, especially between Ontario and the United
States, where the units are found (Fisher 1954; Duke 1987 and Fawcett 1987; Duke et al.
1991; Brett et al. 1995).
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The Ball’s Falls Member consists of thin beds of dolomitic sandstone, finely crystalline
dolostone, and interbedded grey to red shale. In the Niagara region, the Devils Hole
Formation has a sharp contact with underlying dark grey shales of the Power Glen
Formation, although it could be included as a member of the Power Glen Formation.
Across the border, this unit is distinguishable, even with the absence of the Power Glen
Formation (Brett et al. 1995). The Devils Hole Formation is sharply separated from the
Grimsby Formation by a thin, condensed interval rich in phosphatic or hematitic clasts in
nearly all sections (Brett et al. 1995). In the Niagara Gorge, it is thin and overlain by the
Artpark Phosphate Bed situated at the base of the Grimsby Formation. In Niagara Falls,
the Devils Hole Formation is overlain or amalgamated with a thin phosphatic or hematitic
bed (Brett et al. 1991). In the Niagara River area, the basal Grimsby Formation includes
up to 4 m of sandstones, designated as the Devils Hole Sandstone that thins to the west
and grades into a dolomitic sandstone of the Balls Falls Facies (Brett et al. 1995;
Armstrong and Carter 2010).
The type section is located at the Robert Moses Power Plant in Lewiston, New York and
can be found at Artpark, New York, DeCew Falls Hydroelectric plant in St. Catharines,
Ontario and at Somerset Railroad viaduct in Lockport, New York (Brett et al. 1995).

2.2.4

Power Glen Shale

Bolton (1953) proposed this unit for the 48 ft (14.6 m)-thick unit of shale with
interbedded sandstone and limestone between the Whirlpool and Grimsby formations at
DeCew Falls, Ontario, correlative to the Manitoulin Dolomite and at least the lower part
of the Cabot Head Formation (Brett et al. 1995). Fisher (1954, 1956, 1966) and Rickard
(1975) have used the nomenclature of Power Glen interchangeably with Cabot Head, as
they can be correlated and grouped together with Cabot Head Formation, as stated in
Armstrong and Carter 2010. This shale unit forms a distinct lithological entity within
which characteristics of neither the Manitoulin Formation nor the Cabot Head Formation
can be distinctly recognized (Bolton and Liberty 1955).
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In the Niagara Region, the Power Glen Formation is a dark grey to greenish grey,
sparsely fossiliferous marine shale, with prominent interbeds of light grey to bluish grey,
hummocky cross stratified to bioturbated quartzose sandstone in the upper third of the
formation. The shale-dominated unit has quartz sand lenses, sandy limestones, dolostone
beds and calcareous siltstones (Kilgour and Liberty 1981). The type section is located at
DeCew Falls Power Generating plant in St. Catharines, Ontario (Bolton 1953; Bolton and
Liberty 1955). East of Lockport, N.Y., the Power Glen thins rapidly and pinches out
between Medina and Albion, in Orleans County, New York. West of DeCew Falls, St.
Catharines Ontario, the Power Glen grades laterally into the lower part of the Cabot Head
Formation.
The contact between the Power Glen and Grimsby formations is generally defined at the
stratigraphic level where the colour changes from grey-green to red, marking an
environmental change without any break in deposition (Brett et al. 1995). This contact
can be traced east of the Niagara Gorge to near Stoney Creek (Bolton and Liberty 1955).
The contact with the underlying Whirlpool is considered gradational, over 0.3–1 m of
interbedded hummocky sandstone and shale, with a thin, phosphatic horizon between
sandstone-dominated and shale-dominated intervals (Brett et al. 1995).

2.2.5

Phosphate Beds

Two stratigraphically significant, formally named, phosphate marker beds occur within
and at the top of the Medina Group strata: the Artpark Phosphate Bed within the Medina
Group, and the Densmore Creek Phosphate Bed at the Thorold-Neagha formational
contact (Medina-Clinton Group contact). Phosphate pebble lag deposits represent
depositional hiatuses and particular oceanographic conditions that help identify otherwise
subtle sedimentologic/stratigraphic breaks (Brett et al. 1995). A phosphate pebble lag
deposit has also been described in the basal Power Glen Formation at the WhirlpoolPower Glen contact (Brett et al. 1995).
The Artpark Phosphate Bed ranges in thickness from a few centimeters to ~2 m,
consisting of thin, phosphatic and/or hematitic, sandy dolostone (Brett et al. 1990 a,b;
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1991). It can be correlated across the United States and southern Ontario. In the Niagara
region, this phosphate bed forms a sharp contact with the underlying Power Glen
Shale/Grimsby Formation (Brett et al. 1995). Near Orleans County, New York, the base
of the Artpark Phosphate Bed is marked by a basal shale intraclast zone in channel
sandstone mapped as part of the Grimsby Formation (Brett et al. 1995). Westward from
the Niagara region, the presence of the Artpark Phosphate Bed within the Cabot Head
Formation of the Hamilton area indicates that the Cabot Head Formation as defined by
Bolton (1957) is correlative, in part, to both the Power Glen Shale and the lower part of
the Grimsby Formation at Niagara (Brett et al. 1995).
The Densmore Creek Phosphate Bed refers to a phosphate-pebble interval at the base
of the Neahga Shale sequence (LoDuca and Brett 1994) in the basal Clinton Group. The
Kodak Sandstone underlies the Densmore Creek Phosphate Bed as far west as Lockport,
New York but, immediately west of Lockport, the Densmore Creek Phosphate Bed
separates the Cambria Shale from the Neahga Shale, and no Kodak Sandstone is present
(Brett et al. 1995). In the Niagara River Gorge, the Densmore Creek Phosphate Bed
occurs at the contact between the Thorold Sandstone and the Neahga Shale, and both the
Cambria Shale and the Kodak Sandstone are missing (Brett et al. 1995).
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Chapter 3

3

Formational Contacts and Related Sedimentary Facies
of Medina Group in Lake Erie and Onshore
Southwestern Ontario

3.1 Introduction
In this chapter, lithofacies descriptions will focus on the formational contacts of six key
stratigraphic units: the Queenston, Whirlpool, Manitoulin, Cabot Head, Grimsby, and
Thorold formations. References will be made to some secondary units, such as the Devils
Hole, Ball’s Falls and Power Glen formations, in addition to the phosphatic pebble lag
deposits (the Densmore Creek and Artpark beds).

3.2 Lithological Facies Descriptions of Fencepost Cores
As discussed in Chapter 1, 47 cores, drill cuttings, and associated geophysical logs were
examined in detail for this study. For convenience of discussion, the cored wells are
divided into primary (fencepost) and secondary groupings. Dunham’s (1962) carbonate
classification is adopted because the lithological description is based largely on “hand
samples” of core, with limited use of thin sections. In addition, fossil content,
bioturbation, sedimentary structures (e.g. laminations), and diagenetic features (e.g.
stylolites) are incorporated as key lithologic and lithofacies characteristics for defining
the formational contacts.
Five fencepost cores were selected for the discussions below because they display the
most continuous stratigraphic section of the Medina Group, and best illustrate the
stratigraphic architectural changes across the study area (see Figure 1.6, 3.1 to 3.5 and
Table 1.1 for core details and locations). These wells can be seen in the cross-section AA`. All cores can be found at the Oil, Gas and Salt Resources Library in London, Ontario.
The five fencepost cores are listed west to east, as follows:
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•

License #T002759, Consumers’ Pan Am 13057, Elgin Lake Erie 56-E-3 Core
999 (Figure 3.1). This core is located 9 km west of Port Burwell
(42.65088028°N, 80.91374528°W) and is a stratigraphic test well that has been
abandoned and not used for petroleum resources. The entire interval from the
Dundee to Queenston formations was cored in this well to a total depth of 462.38
m.

•

License #T002803, Consumers’ Amoco 13102, Norfolk Lake Erie 96-D-1,
Core 1001 (Figure 3.2). This core is located on the shore of Lake Erie
(42.57727222°N, 80.63456639 °W) and is considered a stratigraphic well that has
been abandoned and not used for petroleum resources. This borehole is cored
from the Dundee Formation to the Queenston Formation to a total depth of 473.66
m.

•

License #T003792, Anschutz, Norfolk Lake Erie 92-N-3, Core 371 (Figure
3.3). This core is located approximately 2 km off the shore of Long Point, Ontario
[42.53779389°N, 80.31247361°W] and is considered an active natural gas well.
This borehole is cored from the Grimsby Formation to the Queenston Formation
to a total depth of 482.80 m.

•

License #T003853, Anschutz, Haldimand Lake Erie 22-S-4, Core 229 (Figure
3.4). This core is located 11 km south of Port Maitland offshore Lake Erie
[42.77076583°N, 79.52079722°W] and is an active natural gas well in the
Maitland Pool. This cored interval spans the Rochester Formation to the
Queenston Formation to a total depth of 343.51 m. This core highlights the
secondary units as well as specific facies in the Whirlpool Formation.

•

License #T003723, Consumers’ 32271 Wainfleet 2-2-III, Core 173 (Figure
3.5). This core is located 4 km northwest of Port Colborne, Ontario
[42.92457750°N, 79.29211444°W] and is a stratigraphic well that has been
abandoned and not used for petroleum resources. The interval displayed by the
borehole includes the Salina Group units to the Queenston Formation to a depth
of 230.73 m.

Geophysical Log

Core Log

Core Photos and Descriptions

Consumers’ Pan Am 13057, Lake Erie 56-E-3
T002759 - Core 999
Gamma Ray API Units
0

200

Neutron Calibrator Units
1000

200

Log Depth

Core Log

Lithologic Description

Thorold Formation
sandstone and formation
of Clinton Group

1

1300 ft
396.24 m

Clinton Group
Formations, not
described

1350 ft
411.48 m

Thorold Fm

TS @ 418.00 m

G: Red,
green/grey/white fine to
medium grade
sandstone interbedded
with silt and shale
partings, parallel and
low angle bedding,
blotchy staining

1
2

Grimsby Fm
1400 ft
426.72 m

8

DH: White to grey to
red very fine to fine
grade silt/shale and
massive sandstone

3
Devils Hole Fm

TS @ 426.71 m

4

1450ft
441.96 m

Manitoulin Fm
TS @ 449.22 m
TS @ 449.35 m
TS @ 450.10 m

Whirlpool Fm

6
7

W: white to grey fine to
medium grade
sandstone with
interbedded fissile
shale/mud laminae

Queenston Fm
1500 ft
457.20 m

Q: red/maroon fissile
shale

Sh
Si
vf
f
m
c

1520 ft
463.30 m

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations

Depth: 418.41 m /
1372.74 ft

Due to insufficient core,
contact can be inferred
from geophysical log and
remaining core.

Due to insufficient core,
contact can be inferred
from geophysical log and
remanining core.

Contact is described as
colour change from
grey/green fine grained
siltstone/sandstone of the
Thorold formation to the
tan/buff dolostone of the
Rockway Formation/
Clinton Group

Contact is described as
the last occurance of
maroon/red shale bed,
contact with very fine to
fine grade sandstone/silstone,
bioturbation and cementation with slight gradational
contact to grey/green fine
grained sandstone and
dark grey/green shale,
burrowed horizontally and
vertically

M: Dark grey/tan
dolomite with fine grade
dolomitic sandstone
and shale interbeds

5

New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Queenston to Clinton Group. Depths in descriptions are based on depths
recorded in core, not geophysical log depths. Discrepancy of 1.52 m (deep) between recorded core depths and
gamma ray/neutron log depths. Core photos are photographed wet and are oriented in their way-up direction and
displayed in 5 to 15 cm increments.
Keywords: Fissile shale, sand lenses, mud laminae, mud rip up clasts, dolomitic sandstone, dolomitic shale,
packstone beds, fossiliferous material, blotchy staining, fining upward sequences, coarsening upward
sequences,

5

Grimsby Formation to
Thorold Formation
burrowed sandstone

Depth: 418.10 m /
1368.44 ft

CH: Dark grey fissile
shale with interbeds of
white to tan very fine to
fine grade sandstone

Cabot Head Fm

TS @ 445.09 m

1 cm

Irondequoit Fm

Reynales/
Fossil Hill Fm

T: White to tan fine
grade massive
sandstone interbedded
with thin green/grey
partings, cross and
parallel bedding,

2

Contact of Manitoulin
Formation dolomite
and Cabot Head
Formation

6

Whirlpool Formation
sandstone/shale to
Manitoulin Formation
dolomite

Depth: 445.90 m /
1462.92 ft

Depth: 448.70 m /
1472.11 ft

Due to insufficent
recovery of core,
contact can be inferred
from geophysical log
and remaining core.

Due to insufficent
recovery of core, contact
can be inferred from
geophysical log and
remaining core.

Contact is at the first
occurance of a white
to tan fine grade
sandstone bed. The
sandstone fines
upwards to grey fine
grade dolomitic
siltstone interbedded
with white to tan fine
grained dolomitic
sandstone and grey

Contact is described as
white/grey to tan fine
grade sandstone
interbedded with fine
grade sand/silt,
transitioning upwards to
grey to tan fine grade
dolostone, reactive with
HCL

3

Devils Hole Formation
sandstone/shale to
Grimsby Formation

4

Depth: 431.29 m /
1414.99 ft

7

Gradational contact of
Cabot Head to Devils
Hole Formation sandstone/shale
Depth: 430.48 m /
1412.33 ft

Contact is described as
dark grey to brown/
maroon, fine grade
silty/sandstone lenses
grading upwards to a grey
to green fissile silt/shale
with abundant red/maroon fossiliferous beds
and white to tan massive
sandstone beds

Contact is described as
the change from dark
grey dolomitic sandstone
and silt/shale interbeds to
occurance of a dark grey
to brown/maroon, fine
grade silty/sandstone
lenses

Whirlpool/Queenston
8
Formation disconformable
contact zone

Grimsby Formation
fossiliferous shell bed

Depth: 449.90 m /
1476.04 ft
Contact is described as
grey/green mudstone with
weak calcareous cement,
extremely fissile,
coarsening upwards to
white totan fine grade
sandstone with thin
interbedded mud clasts/
laminae
It is typical in the study
area that the uppermost
Queenston shale colour is
green/grey and not
red/maroon

Depth: 431.19 m /
1414.66 ft
Red to marroon, very fine
to fine grade siltstone/
sandstone, fossiliferous
packstone bed
sometimes found within
and on the erosional
surface with the surrounding shale
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Figure 3.1 Lithologic and geophysical log for License #T002759, Consumers’ Pan
Am 13057, Elgin Lake Erie 56-E-3 Core 999. Log shows cored interval and
geophysical log from Clinton Group to Queenston Formation with brief
descriptions of lithology and geologic top picks for Medina Group formations. Gp
= Group; Fm = Formation; Mb = Member. Photographs highlight key formational
rank contacts with detailed descriptions and core depth measurements. Scale of
core photographs range from 5 cm to 15 cm intervals.

Geophysical Log

Core Log

Core Photos and Descriptions

Consumers’ Amoco 13102, Lake Erie 96-D-1
T002803 - Core 1001
Gamma Ray API Units
200

Neutron Calibrator Units
Radation Increases

Log Depth

Core Log

1350 ft
411.48 m

Thorold Fm

1

T: White to tan fine
grade massive
sandstone interbedded
with thin green/grey
partings, cross and
parallel bedding,

1400 ft
426.72 m

G: Red,
green/grey/white fine to
medium grade
sandstone interbedded
with silt and shale
partings, parallel and
low angle bedding,
blotchy staining

Grimsby Fm

Devils Hole Fm

3

1450ft
441.96 m

DH: White to grey to
red very fine to fine
grade silt/shale and
massive sandstone

4

Manitoulin Fm 6
Whirlpool Fm

W: white to grey fine to
medium grade
sandstone with
interbedded fissile
shale/mud laminae

7

Queenston Fm

Q: red/maroon fissile
shale
Sh
Si
vf
f
m
c

1550 ft
472.44 m

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations

Grimsby Formation to
Thorold Formation
burrowed sandstone

3

Devils Hole Formation
sandstone/shale to
Grimsby Formation

4

Cabot Head Formation
to Devils Hole Formation
sandstone/shale

Depth: 427.00 m /
1400.92 ft

Depth: 434.00 m /
1423.88 ft

Depth: 444.70 m /
1458.98 ft

Depth: 447.80 m /
1469.16 ft

Contact is described as
colour change from
grey/green fine grained
siltstone/sandstone,
heavily bioturbated and
burrowed horizontally and
vertically, with small
phosphatic grains, sharp
contact with the tan/buff
dolostone of the Rockway
Formation/Clinton Group

Due to insufficient core,
contact can be inferred
from geophysical log and
remanining core.

Contact is described
as dark grey to brown/
maroon, fine grade
silty/sandstone lenses
grading upwards to a
dark grey to green
fissile silt/shale with
abundant red/maroon
fossiliferous beds and
white to tan massive
sandstone beds

Contact is described as
the change from dark
grey dolomitic sandstone
and silt/shale interbeds
to occurance of a dark
grey to brown/maroon,
fine grade silty/sandstone lenses

Whirlpool/Queenston
8
Formation disconformable
contact zone

Grimsby Formation
fossiliferous shell bed

Depth: 464.22 m /
1523.038 ft

Depth: 440.13 m /
1443.99 ft

Contact is described as
grey to green mudstone
with weak calcareous
cement, extremely fissile,
grading upwards to
alternate layers of mud rip
up clasts and white to tan
fine grade sandstone

Red to marroon, very
fine to fine grade
siltstone/ sandstone,
fossiliferous packstone
bed sometimes found
within and on the
erosional surface with
the surrounding shale

Contact is described as
maroon/red massive
sandstone beds, with very
fine to fine grade sandstone/silstone interbeds,
grading upwards to white
to tan/green fine grade
massive sandstone and
dark grey/green shale

M: Dark grey/tan
dolomite with fine grade
dolomitic sandstone
and shale interbeds

1500 ft

5 457.20 m

TS @ 463.92 m

2

CH: Dark grey fissile
shale with interbeds of
white to tan very fine to
fine grade sandstone

Cabot Head Fm

TS @ 462.79 m
TS @ 463.30 m

Thorold Formation
sandstone and formation
of Clinton Group

1

Clinton Group
Formations, not
described

2

8

Lithologic Description

1 cm

0

New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Queenston to Clinton Group. Depths in descriptions are based on depths
recorded in core, not geophysical log depths. Discrepancy of 1 foot (shallow) between recorded core depths and
gamma ray/neutron log depths. Core photos are photographed wet and are oriented in their way-up direction and
displayed in 5 to 15 cm increments.
Keywords: Fissile shale, bioturbation, cementation, high angle erosionals surfaces, dolomitic sandstone,
dolomitic shale, sand lenses, mud laminae, mud rip up clasts, packstone beds, fossiliferous material, parallel
bedding, massive bedding, blotchy staining, fining upward sequences, coarsening upward sequences,
phosphate grains

5

Contact of Manitoulin
Formation dolomite and
Cabot Head Formation
Depth: 459.90 m /
1508.85ft
Contact is described as
gradational, with the
geological pick at the first
occurance of fissile shale
within the dolomitic
sandstone and shale
packstone interbeds,
grading upwards to white
to tan fine grade sandstone and dark grey silt
interbeds

6

Whirlpool Formation
sandstone/shale to
Manitoulin Formation
dolomite
Depth: 462.70 m /
1518.04 ft
Contact is described as
white to tan fine grade
silty sandstone and
grey/green mudstone,
bioturbated and cemented
and grading upward to
grey to tan massive
dolomitic sandstone

7

It is typical in the study
area that the uppermost
Queenston shale colour is
green/grey and not
red/maroon
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Figure 3.2 Lithologic and geophysical log for License #T002803, Consumers’ Amoco
13102, Norfolk Lake Erie 96-D-1, Core 1001. Log shows cored interval and
geophysical log from Clinton Group to Queenston Formation with brief descriptions
of lithology and geologic top picks for Medina Group formations. Fm = Formation.
Photographs highlight key formational rank contacts with detailed descriptions and
core depths measurements. Scale of core photographs range from 5 cm to 15 cm
intervals.

Geophysical Log

Core Log

Core Photos and Descriptions

Anschutz, Lake Erie 92-N-3
T003792 - Core 371
Gamma Ray API Units
200

Neutron Calibrator Units
1000

200

Log Depth

Core Log

Lithologic Description

Grimsby Formation
sandstone bed

1

1350 ft
411.48 m

2

Depth: 442.13 m /
1450.56 ft
Clinton Group
Formations, not
described

1400 ft
426.72 m

Thorold Fm

Grimsby Fm
1450ft
441.96 m

1

DH: White to grey to
red very fine to fine
grade silt/shale and
massive sandstone

2
Devils Hole Fm 3

Contact is described as
the last occurance of
maroon/red shale bed,
contact with very fine to
fine grade sandstone/
silstone, bioturbation and
cementation with sharp
contact to grey/green fine
grained sandstone and
dark grey/green shale,
subrounded phosphatic
grains within sandstone
matrix

1 cm

G: Red,
green/grey/white fine to
medium grade
sandstone interbedded
with silt and shale
partings, parallel and
low angle bedding,
blotchy staining

Devils Hole Formation
sandstone/shale to
Grimsby Formation
Depth: 439.55 m /
1442.09 ft

Bed is described as deep
maroon/red very fine to
fine grade hematized
sandstone siltstone and
subsrounded phosphate
grains and cemented
bioturbation and burrows

T: White to tan fine
grade massive
sandstone interbedded
with thin green/grey
partings, cross and
parallel bedding,

CH: Dark grey fissile
shale with interbeds of
white to tan very fine to
fine grade sandstone

Cabot Head Fm

M: Dark grey/tan
dolomite with fine grade
dolomitic sandstone
and shale interbeds

1500 ft
457.20 m

W: white to grey fine to
medium grade
sandstone with
interbedded fissile
shale/mud laminae

4
Manitoulin Fm
5
Whirlpool Fm 6
Queenston Fm

Q: red/maroon fissile
shale

1550 ft
472.44 m

Sh
Si
vf
f
m
c

0

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Queenston to Grimsby Formation. Cuttings cover 1350 - 1423 ft / 411.48 433.73 m. Depths in descriptions are based on depths recorded in core, not geophysical log depths. No
discrepancy between recorded core depths and gamma ray/neutron log depths. Core photos are photographed
wet and are oriented in their way-up direction and displayed in 5 to 15 cm increments.
Keywords: Fissile shale, sand lenses, mud laminae, mud rip up clasts, dolomitic sandstone, dolomitic shale,
packstone beds, fossiliferous material, blotchy staining, fining upward sequences, coarsening upward
sequences

5

Whirlpool Formation
sandstone/shale to
Manitoulin Formation
dolomite
Depth: 466.60 m /
1533.13 ft
Contact is at the
change at bioturbatedwhite to tan fine grade
sandstone bed, soft
sediment deformed,
fining upwards to grey
fine grade dolomitic
siltstone interbedded
with white to tan fine
grained dolomitic
sandstone and grey
dolomitic packstone
beds, reactive with
HCL

6

Whirlpool/Queenston
Formation disconformable
contact zone
Depth: 469.10 m /
1539.04 ft
Contact is described as
dark grey/green
mudstone with weak
calcareous cement,
extremely fissile,
coarsening upwards to
white to tan fine grade
sandstone with thin
interbedded mud clasts/
laminae
It is typical in the study
area that the uppermost
Queenston shale colour is
green/grey

3

Contact of Cabot Head
Formation to Devils Hole
Formation sandstone/shale
Depth: 445.15 m /
1460.56 ft
Contact is described as
dark grey to grey/green,
fine grade bioturated
silty/sandstone grading
upwards to a grey to
green fissile silt/shale with
abundant red/maroon
fossiliferous beds and
white to tan massive
sandstone beds

4

Contact of Manitoulin
Formation dolomite and
Cabot Head Formation
Depth: 465.10 m /
1525.91 ft
Contact is described as
the change from dark
grey dolomitic sandstone and silt/shale
interbeds to dark grey
to brown/maroon, very
fine to fine grade fissile
silt/shale with small fine
grade sandstone lenses
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Figure 3.3 Lithologic and geophysical log for License #T003792, Anschutz, Norfolk
Lake Erie 92-N-3, Core 371. Log shows cored interval and geophysical log from
Grimsby Formation to Queenston Formation with brief descriptions of lithology
and geologic top picks supported by drill cuttings for Medina Group formations.
Fm = Formation. Photographs highlight key formational-rank contacts with
detailed descriptions and core depths measurements. Scale of core photographs
range from 5 - 15-cm intervals.

Geophysical Log

Core Log

Core Photos and Descriptions

Anschutz, Haldimand Lake Erie 22-S-4
T003853 - Core 229
Gamma Ray API Units
200

Bulk Density Grams/cc
3.0

2.25

Log Depth

Core Log

900 ft
274.32 m

1
Thorold Fm

T: White to tan fine
grade massive
sandstone interbedded
with thin green/grey
partings, cross and
parallel bedding,

950 ft
289.56 m

G: Red,
green/grey/white fine to
medium grade
sandstone interbedded
with silt and shale
partings, parallel and
low angle bedding,
blotchy staining

Grimsby Fm

DH: White to grey to
red very fine to fine
grade silt/shale and
massive sandstone

1000 ft
304.80 m

4

PG: Dark grey fissile
shale with interbeds of
grey to tan very fine to
fine grade
sandstone/siltstone

Devils Hole Fm

5
Power Glen Fm
6
Whirlpool Fm

Thorold Formation
sandstone and Neahga
Formation of Clinton
Group

2

Grimsby Formation
sandstone/shale to
Thorold Formation
sandstone

Depth: 289.60 m /
915.30 ft

Depth: 292.50 m /
959.64 ft

Contact is described as
colour change from
grey/green fine grade
siltstone/sandstone,
heavily bioturbated and
burrowed horizontally and
vertically, with small
phosphatic grains, sharp
contact with the dark
grey/black fissile shale of
the Neahga Formation
shale

Contact is described as
maroon/red massive
sandstone beds, with very
fine to fine grade sandstone/silstone interbeds,
grading upwards to white
to tan/green fine grade
massive sandstone and
dark grey/green shale

3

Artpark Phosphate Zone
to Grimsby Formation
Depth: 307.95 m /
1010.33 ft
Contact is described as
red/maroon, heavily
burrowed with
phosphatized nodules
and fossiliferous material,
transitioning to red to
maroon fine grade
silt/shale beds and
interbedded white to tan
massive fine grade
sandstone with blotchy
staining

M: Dark grey/tan
dolomite with fine grade
dolomitic sandstone
and shale interbeds

1050 ft
320.04 m

7

W: white to grey fine to
medium grade
sandstone with
interbedded fissile
shale/mud laminae

Queenston Fm

Q: red/maroon fissile
shale

1100 ft
335.28 m

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations

1

Clinton Group
Formations, not
described

2

3

Lithologic Description

Sh
Si
vf
f
m
c

0

New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Queenston to Clinton Group. Depths in descriptions are based on depths
recorded in core, not geophysical log depths. No discrepancy between recorded core depths and gamma ray/
neutron log depths. Core photos are photographed wet and are oriented in their way-up direction and displayed
in 5 to 15 cm increments.
Keywords: Fissile shale, bioturbation, cementation, sand lens, high angle erosionals surfaces, mud laminae,
mud rip up clasts, fossiliferous material, parallel bedding, massive sandstone, blotchy staining, fining upward
sequences, coarsening upward sequences, phosphate grains

5

Power Glen Formation to
Devils Hole Formation
sandstone/shale
Depth: 307.50 m /
1008.50 ft
Contact is described as
the change from tight,
dark grey fissile shale and
silty sandstone/dolostone
to occurance of a dark
grey to grey very fine to
fine grade sandstone and
shale interbeds with more
abundant bioturbation and
burrowing

6

Whirlpool Formation
sandstone/shale to
Power Glen Formation
shale

7

Queenston Formation
shale to Whirlpool
Formation
sandstone/shale

Depth: 321.90 m /
1056.10 ft

Depth: 326.40 m /
1070.86 ft

Contact is described as
white to tan fine grade
silty sandstone and
grey/green mudstone,
bioturbated and cemented
and grading upward to
tight, dark grey fissile
shale and silty sandstone/dolostone

Contact is described as
dark grey/green
mudstone with weak
calcareous cement,
extremely fissile,
coarsening upwards to
white to tan fine grade
sandstone with thin
interbedded mud clasts/
laminae
It is typical in the study
area that the uppermost
Queenston shale colour is
green/grey

4

Devils Hole Formation
sandstone/shale to
Artpark Phosphatezone/Grimsby Formation
Depth: 308.25 m /
1011.31 ft
Abundant red/maroon
fossiliferous beds and
white to tan massive
sandstone beds
Contact is described as
dark grey to grey very
fine to fine grade
sandstone with
abundant bioturbation
and burrowing, transitioning to red/maroon,
heavily burrowed with
phosphatized nodules
and fossiliferous material
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Figure 3.4 Lithologic and geophysical log for License #T003853, Anschutz,
Haldimand Lake Erie 22-S-4, Core 229. Log shows cored interval and geophysical
log from Clinton Group to Queenston Formation with brief descriptions of
lithology and geologic top picks for Medina Group formations. Fm = Formation.
Photographs highlight key formational rank contacts with detailed descriptions
and core depths measurements. Scale of core photographs range from 5 cm to 15
cm intervals.

Geophysical Log

Core Log

Core Photos and Descriptions

Consumers’ 37721, Wainfleet 2-2-III
T003723 - Core 173
Gamma Ray API Units
0

200

Neutron Calibrator Units
1100

400

Log Depth

Core Log

590 ft
179.83 m

T: White to tan fine
grade massive
sandstone interbedded
with thin green/grey
partings, cross and
parallel bedding,

TS @ 186.47 m

Thorold Fm

1
2

G: Red,
green/grey/white fine to
medium grade
sandstone interbedded
with silt and shale
partings, parallel and
low angle bedding,
blotchy staining

650 ft
198.12 m

Grimsby Fm

DH: White to grey to
red very fine to fine
grade silt/shale and
massive sandstone

3
Artpark Phosphate 4
Devils Hole Fm

PG: Dark grey fissile
shale with interbeds of
grey to tan very fine to
fine grade
sandstone/siltstone

5

Power Glen Fm

6 700 ft

213.36 m

Thorold Formation
sandstone and Neahga
Formation of Clinton
Group

2

Grimsby Formation
sandstone/shale to
Thorold Formation
sandstone

Depth: 187.96 m /
616.66 ft

Depth: 189.58 m /
621.98 ft

Contact is described as
colour change from
grey/green fine grade
siltstone/sandstone,
heavily bioturbated and
burrowed horizontally and
vertically, with small
phosphatic grains, sharp
contact with the dark
grey/black fissile shale of
the Neahga Formation
shale

Contact is described as
maroon/red massive
sandstone beds, with very
fine to fine grade sandstone/siltstone interbeds,
grading upwards to white
to tan/green fine grade
massive sandstone

Devils Hole Formation
6
sandstone/shale to Artpark
Phoshpate zone/Grimsby
Formation

Power Glen Formation to
Devils Hole Formation
sandstone/shale

3

Artpark Phosphate Zone
to Grimsby Formation

4

Artpark Phoshpate zone
Depth: 207.00 m /
679.13 ft

Depth: 206.50 m / 677.49
ft

Red/maroon fine grade
sandstone/siltstone with
bioturbation, burrowing,
phosphatized pebbles
and fossiliferous material

Contact is described as
red/maroon, heavily
burrowed with
phosphatized nodules
and fossiliferous material,
transitioning to red to
maroon fine grade
silt/shale beds and
interbedded white to tan
massive fine grade
sandstone with blotchy
staining

M: Dark grey/tan
dolomite with fine grade
dolomitic sandstone
and shale interbeds

7
Whirlpool Fm

8

W: white to grey fine to
medium grade
sandstone with
interbedded fissile
shale/mud laminae

Queenston Fm
750 ft
228.60 m

Q: red/maroon fissile
shale
Sh
Si
vf
f
m
c

760 ft
231.64 m

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations

1

Clinton Group
Formations, not
described

600 ft
182.88 m

TS @ 183.37 m
TS @ 183.44 m

Lithologic Description

New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Queenston to Clinton Group. Depths in descriptions are based on depths
recorded in core, not geophysical log depths. No discrepancy between recorded core depths and gamma ray/
neutron log depths. Missing core intervals range from 8 - 11 inches. Core photos are photographed wet and are
oriented in their way-up direction and displayed in 5 to 15 cm increments.
Keywords: Fissile shale, massive sandstone, mud laminae, mud rip up clasts, liesegang banding, sand lenses,
fining upward sequences, coarsening upward sequences, burrowing, bioturbation, phosphatized grains,
fossiliferous material, blotchy staining

5

Depth: 207.52 m / 683.84 ft
Contact is described as
dark grey to grey very fine
to fine grade sandstone
with abundant
bioturbation and
burrowing, transitioning to
white to tan/brown
burrowed and slightly
bioturbated with subrounded
phosphatized nodules and
fossiliferous material in a
fine grade sandstone
matrix

Depth: 209.17 m / 686.25 ft
Contact is described as the
change from tight, dark
grey fissile shale and silty
sandstone/dolostone to
occurance of a dark grey to
grey very fine to fine grade
sandstone and shale
interbeds with more
abundant bioturbation and
burrowing

7

Whirlpool Formation
sandstone/shale to
Power Glen Formation
shale

8

Queenston Formation
shale to Whirlpool
Formation
sandstone/shale

Depth: 217.3 m / 712.92 ft

Depth: 221.0 m / 725.06 ft

Contact is described as
white to tan fine grade
silty sandstone and grey
mudstone, low angle
bedded, grading upward
to tight, dark grey fissile
shale

Contact is described as
dark grey/green
mudstone with weak
calcareous cement,
extremely fissile,
coarsening upwards to
white to tan fine grade
sandstone with thin
interbedded mud clasts/
laminae
It is typical in the study
area that the uppermost
Queenston shale colour
is green/grey
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Figure 3.5 Lithologic and geophysical log for License #T003723, Consumers’ 32271
Wainfleet 2-2-III, Core 173. Log shows cored interval and geophysical log from
Clinton Group to Queenston Formation with brief descriptions of lithology and
geologic top picks for Medina Group formations. Fm = Formation. Photographs
highlight key formational rank contacts with detailed descriptions and core depth
measurements. Scale of core photographs range from 5 cm to 15 cm intervals.
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An additional 6 wells were used to support the fencepost well formational-rank picks in
A-A’. These cores cover specific intervals within the Medina Group and are supported by
drill cuttings/chip samples. All cores and drill cuttings can be found at the Oil, Gas and
Salt Resources Library in London, Ontario. The additional cores in A-A’ are listed west
to east, as follows:
•

Licence #T005582, Consumers’ 13755, Lake Erie 220-W-4, Core 766
(Appendix A, Figure A:1). This core is located approximately 56 km southwest
of Port Stanley [42.17418500°N, 81.37141528°W], close to the United StatesCanada border. This well had in indicated oil and gas show and was abandoned.
The core interval spans the base of the Thorold Formation to the Queenston
Formation, with a total depth of 705.00 m.

•

Licence #T004792, Anschutz #3, Lake Erie 162-G-3, Core 695 (Appendix
A, Figure A :19). This core is located 32 km southwest of Port Stanley
[42.38679528°N, 81.31257000°W] and was reported to have a small gas
show and has been abandoned. Core was cut in this well from the Grimsby
Formation to the Cabot Head Formation and drilled to a total depth of 627.90 m.

•

Licence #T002564, Consumers’ Pan Am 13035, Lake Erie 101-K-3, Core 834
(Appendix A, Figure A:21). This well is located 14 km south of Port
Bruce [42.53399167°N, 81.00930694°W]. It was a natural gas well in the Silver
Creek Pool and was abandoned after producing for over 30 years. The core spans
the top of the Rochester Formation to the Cabot Head Formation with a total
depth of 533.40 m.

•

Licence #T003439, Consumers’ Pan Am 13170 Lake Erie 94-M-3, Core 438
(Appendix A, Figure A:30). This core is located 5 km south of the hamlet
of Long Point [42.53789528°N, 80.45919028°W]. This is a gas show well that
has been abandoned. The core spans the base of the Clinton Group to the Cabot
Head Formation and drilled to a total depth of 494.69 m.

•

Licence #T006572, Pembina #2, Lake Erie 65-E-2, Core 916 (Appendix A,
Figure A :11). This well is located 16 km south of Nanticoke [42.66269694°
N, 80.07896417°W] and is an abandoned natural gas well. The cored interval
covers Grimsby Formation to Cabot Head Formation with a total depth of 391.50
m.
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•

Licence #T004008, Place Anschutz, Lake Erie 19-X-I, Core 683 (Appendix A,
Figure A :14). This core lies east of Port Maitland, 8 km to the Ontario shoreline
[42.76257722°N, 79.80389833°W]. This is an active natural gas well in the
Maitland Pool. The core spans from the Grimsby Formation to Cabot Head
Formation and drilled to a total depth of 344.22 m.

An additional 3 wells were used to support the fencepost well geological picks in BB’ cross section. These cores cover certain intervals and are supported by drill cuttings/
chip samples. All cores and drill cuttings can be found at the Oil, Gas, and Salt
Resources Library in London, Ontario. The additional cores in B-B’ are listed north
to south, as follows:
•

Licence #T002523, Consumers’ Pan Am 13036, Lake Erie 118-M-2, Core 808
(Appendix A, Figure A:3). This well is south of Port Burwell, 22 km from shore
[42.46560194°N, 81.04264222°W]. This was a gas well with an oil show and was
abandoned. The core interval covers from the Rochester Formation to the Cabot
Head Formation and drilled to a total depth of 554.74 m.

•

Licence #T003274, Consumers’ 13138, Lake Erie 158-H-1, Core 440/977
(Appendix A, Figure A:22). This well is southwest of Port Burwell, 30 km to the
shoreline of Ontario [42.39365222°N, 80.95760750°W]. This well was tested for
gas from two different zones but was abandoned. There are two cored intervals
for this well, core 440 and 977, spanning the upper portion of the GuelphLockport Group to Clinton Group and Rochester Formation to Cabot Head
Formation. The well was drilled to a total depth of 579.73 m.

•

Licence #T008522, Pembina Central, Lake Erie 184-I-2 Core 1062 (Appendix
A, Figure A:23). This core is southwest of Port Bruce, 39 km to the shoreline of
Ontario,

near

the

United

States-Canada

border

[42.17418500°N,

81.37141528°W]. This well tested a small volume of gas and was abandoned. The
core spans Gasport Formation to Cabot Head Formation. The well was drilled to
a total depth of 630.00 m.

52

Traditionally, cores in Lake Erie are referred to by workers in the oil and gas resources
industry as ‘offshore’ cores and those drilled on the land are referred to as ‘onshore’
cores. It is also important to note that many of the cores notably stop at either the
Queenston or Cabot Head formations. Decisions regarding when to begin and stop coring
within the Clinton-Medina gas play was done by the wellsite geologist and was based
upon a number of factors, including: colour and lithologic breaks, and coring equipment
used, which is typically limited to 60-foot (18.3 m) core barrel runs (pers. comm.,
Phillips 2021).

3.3 Queenston/Whirlpool Formational Contact
3.3.1

Lithological Unit of the Top Queenston Formation

Previous workers have recognized three major depositional cycles and 14 facies within
the Queenston Formation (see Brogly et al. 1998; Armstrong 2001; Hamblin 2016). The
discussion below focuses on only the uppermost facies of the Queenston Formation, as it
is relevant for refining the Queenston/Whirlpool formational contact. The total
Queenston Formation and associated facies were not logged due to the lack of core that
penetrates the entire formation.
The Queenston–Whirlpool contact interval is best developed in Core 173, which is
regarded as the reference core section for this contact in this study. Here, the top is
marked at 221.0 m and is designated by a dark grey/green, extremely fissile shale, named
Unit 1 in this study (beyond the scope of this thesis, potential Centerville Formation; see
Foerste 1931). This top unit of the formation can be traced laterally and regionally. The
top of the Queenston Formation may be a reddish to maroon fissile shale or have a thin
green shale displaying a sharp and disconformable contact with the overlying quartzose
sandstones of the Whirlpool Formation. To the west, Unit 1 changes from shale to a
thick, light grey to green dolomudstone facies (e.g., Cores 999 and 1001). The colour
change from deep maroon to greenish gray at the contact is consistent through the
priority and secondary cores. There is a change from extremely fissile shale to thicker,
more massive shale beds.
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The Queenston Formation is regionally extensive and easily differentiated from the
overlying units based upon its red colour and shale-dominated lithofacies. In outcrops,
the Queenston Formation can be seen on the Bruce Peninsula and along parts of the
Niagara Escarpment, most notably in the Niagara Gorge and region. The Queenston
Formation is uncomformably overlain by either the Whirlpool Formation quartzose
sandstones or dolostones of the Manitoulin Formation.
The Queenston-Whirlpool contact on the gamma ray geophysical log shows a distinct
change from a tight, close line around 165 API Units, jumping to the left, approaching 0 to
30 API Units. The associated neutron geophysical log, mirroring the changes in the
gamma ray log, reflects the Queenston Formation at 500 c.u., jumping to the right to
around 900 c.u. as seen in Figure 3.5. The distinct change from shale to sandstone in the
log can be traced laterally across Ontario up to the Bruce Peninsula, where the unit
pinches out. This geophysical log signature serves as the base of this study’s cross
sections.

3.3.2

Lithological Unit of the Basal Whirlpool Formation
The Whirlpool–Queenston formational contact is best revealed in Core 229,

which is regarded as the reference core section for this contact, at a depth of 326.40 m
(Figure 3.4). The Whirlpool Formation is characterized by a white, grey to tan, fine- to
medium-sand–grade quartzose sandstone with dark and/or light grey shale interbeds and
laminae. The most distinguishing feature identifying the Whirlpool–Queenston contact is
the colour change from the red or grey-green shale and underlying red shale, representing
a thin Centerville(?) and Queenston Formation to the white sandstones of the Whirlpool
Formation. In Core 229, the gamma ray shifts from 140 API Units in the Queenston
Formation to 40 API Units in basal Whirlpool. The associated bulk density geophysical
log shifts from 2.65 grams/cc in the Queenston to 2.46 grams/cc in the basal Whirlpool.
The marked shift in gamma-ray response reflects these changes in lithofacies, showcasing
a transition downward from white, fine- to medium-sand-grade quartzose sandstone to
shale-rich lithofacies of the Queenston Formation. The contact locally includes mudstone
rip-up clasts and interbedded white sandstone and shale lenses.
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Although the Whirlpool Formation typically overlies the Queenston Formation in
the study area, there are locations where the Manitoulin Formation disconformably
overlies the Queenston Formation, and in places overlies the Whirlpool Formation. The
Whirlpool Formation can be traced laterally over the study area. A thin upper marine
sandstone remnant persists into central Lake Erie and pinches out on the northwestern
margin of the study area.
The Whirlpool Formation on geophysical logs shows a strong signal in the eastern
part of the study area on the gamma ray log and associated neutron and bulk density logs,
as seen in Figure 3.4 and 3.5. All logs show a characteristic jump, dictating a change in
lithology and showcases the contact between the Queenston Shale and Whirlpool
Sandstone. In Figure 3.5, the Whirlpool Formation has a characteristic cylindrical shape,
with the gamma ray response at 40 API Units, before increasing to the right for the next
formation. The neutron log increases to the left to almost 900 c.u. before decreasing to
the left to 500 c.u., similar to the Queenston Formation below. In the western part of the
study area, the Whirlpool Formation thins, and though the signature on the geophysical
logs is small compared to the eastern portion, the log pick is still distinct between the
overlying and underlying formations. These picks are supported by core and when
needed, drill cuttings. In Figure 3.1 and Figure 3.2, the gamma ray response changes
from approximately 80 API Units to 60 API Units, before increasing drastically to the
right with the Manitoulin Formation above.

3.4 Formational Contacts of the Medina Group
3.4.1

Lithological Unit of the Top Whirlpool Formation/Basal Power
Glen Formation

The Whirlpool-Power Glen formational contact is best developed in Core 173, which is
regarded as the reference core for this interval, at a depth of 217.30 m. The contact is
described as sharp as depicted in Figure 3.4. In Core 173, there is a sharp change from the
white to tan fine sand grade massive quartzose sandstones to dark grey fissile shale. In
Core 229, the change from Whirlpool to Power Glen is more gradational with more
abundant fine sand grade quartzose sandstone beds interbedded with the dark grey shale

55

of the Power Glen Formation. There is a facies change where the Manitoulin pinches out
and sediment availability is stronger, the Power Glen Formation becomes dominant and
creates the contact between Whirlpool, somewhere between Core 683 (Appendix A,
Figure A:14) and 229.
The Whirlpool-Power Glen formational contact gamma-ray signature shows a strong
increase reflecting the abundance of radioactive elements in the shales, from the
cylindrical shape of the Whirlpool sandstone to the fissile shale of the Power Glen, as
seen in Figure 3.4 and 3.5. In Figure 3.5, the gamma ray response from the change from
Whirlpool to Power Glen is drastic, moving from 40 API Units to 120 API Units, similar
to the underlying Queenston signature. This same shape can be seen in the neutron c.u.,
with the signature decreasing to 500 c.u. from the underlying Whirlpool Formation.

3.4.2

Lithological Unit of the Whirlpool Formation/Basal Manitoulin
Formation

The Whirlpool-Manitoulin formational contact is best developed in Core 371, which is
regarded as the reference core for this section. There is a sharp, erosive lower Manitoulin
contact with the Whirlpool Formation quartzose sandstones at 466.60m. The contact is
described as gradational, and both core and geophysical logs are needed to distinguish the
contact. In Core 1001, a bioturbated sandy shale unit at the contact at 463.60 may be the
last remnants of reworked Whirlpool Formation sands. In Core 999, the Manitoulin
Formation contact with the Whirlpool Formation is gradational, displaying a colour
change from light to dark grey and a lithofacies change from interbedded mottled
dolostone lenses and shale and sandstone lenses at a depth of 448.70 m.
The Whirlpool-Manitoulin contact often associated with a step pattern on the gamma ray
log (180 API Units for Queenston, 120 API Units for Whirlpool lag and 50-60 API Units
for Manitoulin) showcasing the characteristic signature for the dolostone facies in Core
999 and 1001. If the Whirlpool is thick enough the density log will show a spike to the
left (lower density in Whirlpool sandstone than higher density in Manitoulin dolostone)
as seen in Figure 3.3.
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3.4.3

Lithological Unit of the Top Manitoulin Formation/Basal
Cabot Head Formation

The Manitoulin-Cabot Head formational contact interval is best developed in Core 1001
at a depth of 459.90 m and is regarded as the reference core section for this contact. The
last dark grey shale interval is picked as the base of Cabot Head. The Manitoulin section
below is dolostone with thin grey shale laminations. Gamma-ray and neutron logs are
helpful to delineate the contact in surrounding wells, which can be seen in Figure 3.1 and
Figure 3.2. In the literature, the contact with the underlying Whirlpool Formation has
been described as gradational when both units are present, consequently the need for the
geophysical logs in order to better delineate the contact.
The Manitoulin Formation is a carbonate unit, with minor grey to green shale beds that
grade into overlying Cabot Head formational rock units. In Core 999 the Manitoulin
Formation carbonate factory dominates and grades aggressively into the Cabot Head
Formation, designating distinct geophysical signals in the gamma ray and neutron logs,
seen in Figure 3.1. The Manitoulin dolostone typically averages between 40 and 60 API
Units on the gamma ray curve. The overlying interbedded shale and dolostones of the
basal Cabot Head will be higher as the thicker shale dominated section will run up to
100-140 API Units in Core 999. On the neutron curve the Manitoulin dolostone response
is 650-800 c.u. but drops to 500–600 c.u. in the overlying Cabot Head shale.
The Manitoulin pinches out towards the east and the Cabot Head transitions to the Power
Glen formation, and therefore does not continue into the rest of the cross section.

3.4.4

Lithological Unit of the Top Cabot Head Formation/Basal
Devils Hole Formation

The Cabot Head-Devils Hole formational contact interval is best developed in Cores 999
and 1001 at depths of 430.48m and 447.80m, respectively (Figure 3.1 and 3.2). The
Cabot Head Formation can be traced laterally and regionally from Lake Erie to the Bruce
Peninsula and Manitoulin Island. The typical definition of the Cabot Head Formation in
Lake Erie is expressed differently than where the Cabot Head is exposed on the Bruce
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Peninsula and Manitoulin Island. Consequently, the description and definition of the
Cabot Head in this study area will need to be modified to include the presence of
formational-rank units, such as the Power Glen Formation and the Artpark phosphate
bed, which are both present in the eastern portion of the study area. Examples of these
equivalent formations can be seen in Cores 173 and 229, among others in that area.
The Cabot Head Formation in the western and central part of the study area is described
as dark grey dolomitic sandstone and silt/shale interbeds, and dark grey to brown/maroon
shales with fine silt grade quartz lenses.

The contact is difficult to delineate in

geophysical logs, so core and geophysical logs are both needed to distinguish the contact
and extrapolate to wells with less geological control. The geophysical log signature is
interpreted as a small increase to the left on the gamma ray curve, representing a 10–15
API unit difference between the underlying Cabot Head Formation or Devils Hole
Formation, dependent on area. The associated neutron and density curves also display a
small increase to the right, ranging from 500–550 c.u. for the neutron curve and 2.5–2.6
g/cc for the bulk density curve. The Devils Hole Formation thickens eastward and southward as sediment supply becomes more available, as seen in Figure 3.3 and 3.4. (see
discussion in Brett et al. 1995).

3.4.5

Lithological Control of the Top Power Glen Formation/Basal
Devils Hole Formation

The Power Glen-Devils Hole formational contact interval is present in the eastern part of
the study area, and is best developed in Core 173, at a depth of 307.50 m as seen in
Figure 3.5. The contact is described as the change from dark grey fissile shale and silty
sands to the occurrence of a dark grey to grey very fine sand grade sandstone and shale
interbeds with more abundant bioturbation and burrowing. The contact is picked at the
first occurrence of the fine sand grade sandstone beds in this well. The contact is well
defined on Core 173, with the gamma ray and neutron log displaying a sharp increase of
10–15 API units on the gamma ray curve and 550–650 c.u. on the neutron curve. The
contact is difficult to delineate on logs, and therefore both core and geophysical logs are
needed to distinguish the contact.
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3.4.6

Lithological Unit of the Top Devils Hole Formation/Basal
Grimsby Formation

The presence of the Artpark Phosphate Lag can be seen in the eastern part of the study
area, in Cores 173 and 229 at a depth of 207.45 m and 308.25 m, respectively. This zone,
combined with the Devils Hole Formation, has a distinct phosphate bed of 0.3 m in
thickness within these cores. This bed provides the contact between the Devils Hole and
Grimsby Formation. In the western and central part of the study area, the Artpark
Phosphate Lag diminishes into a small phosphatic bed/grains across the study area,
dissipating westward.
The Devils Hole-Grimsby formational contact, including the presence of the Artpark
Phosphate pebble lag deposit, can be described as red to maroon, fossiliferous heavily
horizontal and vertical burrows with phosphatized nodules transitioning to red-maroon
fine sand grade quartzose sandstones and silt/shale interbeds with massive sandstones
with blotchy staining and Liesegang banding. This can be seen in Core 1001, which is
regarded as the reference well for this section (Figure 3.2).
The amalgamation of red to maroon fossiliferous packstone beds in the Grimsby rather
than the Cabot Head Formation reflect shifting depositional environments (see discussion
in Chapter 4). These beds can be traced along the western to central part of the study
area, and can be seen on Cores 999, 1001 and 371 as red dashed lines (Figure 3.1, 3.2,
3.3). In certain priority and secondary wells, it is challenging to pick formation tops when
using only drill cuttings and gamma-ray logs because the sandstone, siltstone, carbonate
beds and interbedded shales are cyclic for many meters. Density logs may support these
geologic picks since the signature would be easier to correlate, but the lack of this
information means that physical core and gamma ray curves are necessary to make
supported picks. On the gamma ray curves for these wells and associated neutron and
density curves, the coquinoidal beds are picked at the inflection points on curves where
the beds are found. In Core 999 for example, there are six major beds found. The beds
can be seen at inflection points 120 to 140 API Units. The associated neutron log values
range from 400 to 600 c.u., also at inflection points.
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3.4.7

Lithological Unit of the Grimsby Formation/basal Thorold
Formation

The Grimsby-Thorold formational contact is best developed in Core 173, which is
regarded as the reference core for this interval, with a formational contact depth of 189.3
m (Figure 3.5). The formation consists of red, grey–white, and green fine- to mediumsand–grade quartzose-feldspathic sandstones that are interbedded with siltstone and shale
partings. The formational contact is difficult to pick because of the similarities between
both formations, and although colour change is used as a defining feature, it is not
dependable. In Core 173, a vertical change is observed from interbedded gray and
maroon shales and sandstones of the underlying Grimsby Formation to pale gray-green
sandstones of the overlying Thorold Formation. In other fencepost (priority reference)
cores, the Grimsby Formation top displays massive reddish-brown, fine- to mediumsand–grade sandstone with very little shale present, but with portions of the sandstone
white in irregular blotches. This contact is difficult to pick regionally because of the
extreme variability of the lithofacies, including colour change.
The geophysical log signature for this pick is difficult to delineate because both the
Grimsby and Thorold formations have similar responses, so cores and logs are needed to
support the pick. The signature varies over the study area due to the variability in
lithofacies. Dependent on area, the Thorold can display massive sandstone beds with thin
shale partings, or heavily burrowed siltstone with thin sand partings (Figure 3.5 and 3.1,
respectively). The gamma ray response in Core 999 (Figure 3.1) displays a large shift in
response towards 0 API Units, while the neutron curve’s response is sharp, but not as
exaggerated. In Core 371 (Figure 3.3) the Thorold’s gamma ray signature from the
underlying Grimsby Formation is small, 10 API units decreasing to the right. The same
can be seen in the neutron curve, a small increase to the right.
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3.4.8

Lithological Unit of the Top Thorold Formation/Basal Clinton
Group

The boundary between the Thorold Formation and the overlying Clinton Group (see
Figure 2.1) formations is complex because it appears that tectophases and fore bulge
migration was happening at this time – any one of the following units may be found
sitting disconformably on the Thorold Formation (e.g. Kodak, Cambria, Neagha,
Rockway, Merritton and Reynales formations). Observations of stratigraphic sections
from Niagara Gorge to Hamilton reveal that the basal sandstones and shales are cut-down
and from Hamilton northward the Merritton (= upper informal member of Fossil Hill
Formation) possesses phosphatic pebble lag deposits either on thin Thorold or Grimsby
Formation greenish-white sandstones or the Merritton sits on Cabot Head
Formation shales (Brunton and Brintnell 2020). In Core 173, the transition from shale to
white massive, fine-sand–grade quartz sandstone is evident at 187.99 m, showcasing a
pyritic and phosphatic zone at the contact. Core 229 displays a sharp contact between the
dark grey Neagha Formation shales and pale green-grey Thorold Formation sandstones at
289.60 m depth. Farther west, in Core 1001, an uppermost boundary between the Thorold
and a potential Rockway and/or Merritton formational interval can also be characterized
by the presence of fossils, such as pentamerid brachiopod shells and black chert nodules
(Merritton Formation), along with a colour change from a grey-green-white shale and
sandstone unit to a white-tan-grey-pinkish dolomitic unit and represents a subtle but
significant disconformity at a depth of 426.94 m. There is the potential for the Densmore
Creek Phosphate bed to be present in the study area, though the unit is not described in
this study.
The geophysical log signature between the Thorold and Clinton group is distinct,
showcasing another cylindrical shape distinguishing the Clinton carbonates from the
underlying Thorold Formation. The carbonate signature moves to the left, close to 0 API
units and the associated neutron calibrator units increases to the right towards 1000 c.u.
(see Figure 3.1). This signature can be seen across the cross sections (Appendix B, B:1
and B:2), and in the above fencepost well diagrams (Figures 3.1 to 3.5).
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Chapter 4

4

Depositional History of the Medina Group in Southern
Ontario

4.1 Introduction
This subsurface stratigraphic study focuses on the refinement and characterization of
formational-rank contacts within the Medina Group, southwestern Ontario. Quality
Assurance and Quality Control (QA/QC) protocols have been established, based upon
characterization of lithologic variability and stratigraphic architecture of the sedimentary
succession, to assist in regional correlations and contribute to the 3D Paleozoic Leapfrog
model for southern Ontario.
Regional variations in lithofacies and stratigraphic architecture were established by using
47 wells across the study area. The study area has been divided into four geographic
regions: west, west-central, central-east, and east. The designations can be seen in Figure
4.1 to Figure 4.4.
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Figure 4.1. Distribution map of a) total wells used in this study (grey dots) (wells
listed in Table 1.1); b) all wells designated as ‘west’ (black dots) within the study
area.
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Figure 4.2. Distribution map of a) total wells used in this study (grey dots) (wells
listed in Table 1.1); b) all wells designated as ‘west-central’ (black dots) within the
study area.
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Figure 4.3. Distribution map of a) total wells used in this study (grey dots) (wells
listed in Table 1.1); b) all wells designated as ‘central-east’ (black dots) within the
study area.
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Figure 4.4 Distribution map of a) total wells used in this study (grey dots) (wells
listed in Table 1.1); b) all wells designated as ‘east’ (black dots) within the study
area.
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Three depositional/erosional sedimentary packages have been delineated within the
Medina Group based on the result of detailed logging of the 47 primary and secondary
wells, and construction of the sub-regional cross-sections, including, in ascending order:
1. The Manitoulin-Whirlpool Depositional System – Carbonate Siliciclastic
Transition;
2. Cabot Head-Power Glen-Devils Hole Depositional System;
3. Grimsby-Thorold Succession
These are primarily siliciclastic-dominated depositional systems with minor carbonate
units, representing a continuation of earliest Silurian accumulation of the uppermost
Ordovician Taconic siliciclastic wedge, known classically as the “Queenston clastic
wedge”, with a disconformity at the Whirlpool-Queenston formational boundary that
reflects various extents depositional hiatus regionally, and is referred to as the Cherokee
Unconformity (Brogly 1984; Brogly et al. 1998; Brett et al. 1990a; Brett et al. 1995).
The Medina Group in southwestern Ontario comprises mostly marine sedimentary rocks,
with the notable exception of the basal Whirlpool Formation fluvial sandstones.
Applications of the formational contacts refined in this study allow for a higherresolution regional stratigraphic correlation and improved reconstruction of the
depositional history in the study area. Detailed stratigraphic analysis of geophysical logs
and lithological contacts of cross section cores can be found in Chapter 3 (see Figure 3.1;
3.2; 3.3; 3.4; 3.5) and in Appendix A. Stratigraphic analysis of geophysical and
lithological logs of 41 individual wells are provided in Appendix A. Regional
stratigraphic cross sections (A-A’ and B-B’) can be found in Appendix B. Discussions on
the individual logs and the cross sections are already presented in Chapter 3. The focus of
this chapter is to provide interpretations of the depositional history of the four
depositional packages.
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4.2 The Manitoulin-Whirlpool Depositional System –
Carbonate-Siliciclastic Transition
The Manitoulin-Whirlpool succession in the study area is generally very thin but laterally
consistent, with a range of 2–4 m in thickness. In the southwestern part of the study area
(see cross section A-A’, B-B’ Figure 4.1) the Whirlpool Formation consists of ~1 m of
interbedded fine sand grade quartzose sandstone and fissile shales, overlain by ~2 m of
dolostone and interbedded dolomitic sandstone of the Manitoulin Formation.
In the northeastern part of the study area (see cross section A-A’, Figure 4.4), this
depositional succession changes. The Manitoulin Formation disappears, and the
depositional system is represented by siliciclastics of the Whirlpool Formation, which
comprises ~3–4 m of shallow marine massive, fine sand-grade quartzose sandstone with
swaley cross stratification (SCS), large mudstone rip-up clasts, and the fine sand-grade
quartzose sandstone displays maroon staining (Appendix A, Figures A:16; A:18, A:35;
A:36; A:37): The lithofacies transition zone from mixed carbonate siliciclastic to
predominantly siliciclastic changes is observed towards the eastern part of the study area,
along wells T004008 to T003723 (Figure 4.4), displaying transgressive conditions from
braided river settings to marine settings.
The Manitoulin-Whirlpool succession was deposited on a regionally peneplaned
Queenston Formation that comprises predominantly shale and mudstone. The low
topographic relief of the weathered Queenston Formation most likely contributed to the
fairly consistent thickness observed for the Manitoulin-Whirlpool succession. Following
the hiatuses observed in strata straddling the current placement of the Ordovician-Silurian
boundary, the earliest Silurian marine transgression resulted in the deposition of a mixed
siliciclastic quartz sandstone and dolostone succession referred to as the ManitoulinWhirlpool lithofacies association. The contact between the Manitoulin-Whirlpool
carbonate and sandstone units and the underlying Queenston Fm mixed green and red
shales is erosional, with Queenston shale rip up clasts observed in basal beds of both
Manitoulin and Whirlpool formations (represented by 5-10 cm of sandstone with mud
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rip-up clasts across the study area; see Figures 3.1; 3.2; 3.3; 3.4; 3.5; Appendix A,
Figures A:16; A:18, A:35; A:36; A:37).
Where present, the lower Whirlpool Formation displays trough- and ripple crosslaminated and horizontal-laminated bedding. The absence of wave-formed structures or
marine body-fossils or trace fossils suggests a non-marine braided fluvial system (Rutka
1986; Middleton et al. 1987; Rutka et al. 1991). The basal strata (~1 m) of the Whirlpool
Formation show rhythmically developed microbial laminae, sporadic occurrences of
glauconite, as well as glauconite-capped sets of cross beds (see Appendix A, A:15; A:16).
These lithological characters suggest a shallow marine to marginal marine depositional
setting in the eastern part of the study area. This corroborates the consistent development
of the basal lag deposits, which are commonly associated with transgressive depositional
systems, but could have accumulated in constantly shifting channel bars of a braided
fluvial depositional system. Some of the Whirlpool sandstone may have accumulated in a
tidal flat or estuary depositional environment as indicated by the common occurrences of
microbial mats and glauconite.
The upper Whirlpool Formation has much stronger evidence of a shallow marine
influence, with introduction of shaly interbeds or partings within the sandstone facies, as
well as the occurrence of marine fossils such as the brachiopod Whitfieldella and
gastropod Hormotoma (see Williams, 1919).
The Manitoulin Formation in the study area can be regarded as a thin sliver and extension
of the much thicker carbonate package preserved towards the west and north of the study
area. For example, the Manitoulin Formation on Manitoulin Island and on the Bruce
Peninsula obtains a thickness of up to 15 m with a local development of coralstromatoporoid-bryozoan reefs (Bolton 1957, Copper and Fay 1989, Brunton et al. 2009).
The quartz arenites of the underlying Whirlpool Formation in the western and central
parts of the study area suggest that the normal marine environment favouring the
carbonate factory did not establish immediately during the initial stage of the early
Silurian sea level rise. This brief episode of carbonate deposition in the study area,
represented by the thin Manitoulin Formation, indicates a normal marine setting,
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including abundant crinoidal skeletal material, corals, bryozoans, and brachiopods
(Figure 3.1, 3.2, 3.3; Appendix C, C:6) The normal marine conditions changed by the
establishment of the succeeding depositional system of the Cabot Head-Power Glen
Formations siliciclastic incursion, as will be discussed below.
The facies transition from mixed carbonate-siliciclastic to predominantly siliciclastic
deposits eastward in the study area indicate increasing influence of the prograding
Taconic clastic wedge (Brogly et al. 1998). The implied influx of siliciclastic material
would imply a change in depositional environment, that limited the extension of the
carbonate factory towards the east.

4.3 Cabot Head-Power Glen-Devils Hole Depositional
System
In contrast to the Manitoulin-Whirlpool depositional package, the Cabot Head-Power
Glen depositional system is characterized by a greater thickness and range of lithological
variations, dominated by shale, with minor siltstone and sandstone interbeds or lenses.
Most interestingly, during this interval of deposition, dark-grey shales of the Power Glen
Formation occur in the east-central/eastern part of the study area (see Figure 4.3 and 4.4),
hypothetically closer to the Taconic orogen, whereas the mixed shale-siltstone and finegrained sandstone of the Cabot Head Formation occur in the western part (see Figure 4.1)
in the study area. The introduction of coarser grained siliciclastic sediments in areas
farther away from the Taconic orogen (west central and west, see Figure 4.1, 4.2) implies
that the sandy deposits during this time were not sourced directly from the Taconic
orogen. The presence of a localized depositional mechanism and sediment provenance(s)
may have resulted in the transport of sands bypassing the Power Glen shaly facies belt in
the east part of the study area. There are two scenarios for the facies distribution pattern:
first, the Cabot Head sand may have been derived from local topographic highs (for
example: Algonquin Arch/Frontenac Arch/Finlay Arch, Johnson et al 1992; Armstrong
and Carter 2010; Sun, 2018; Figure 4.6) rather than from the Taconic orogen further east;
second, the sand may have represented submarine channel deposits whereas the Power
Glen shale accumulated in inter-channel embayments.
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In terms of sediment provenance, it has been difficult to find evidence of local sources of
coarse-grained material. The Cabot Head package is thickest (up to ~30 m) in the western
part of the study area (see Figure 4.3, Appendix A; A:1, A:10; Figure 3.1, 3.2). It thins
both eastward towards the Taconic orogen and westward towards the inland basin. In the
west part of the study area, the Cabot Head shales exhibit an increased frequency of
dolomitic sandstone interbeds. The localized thickening of the Cabot Head Formation
lithofacies strongly suggests that the sand was derived locally from the south and east
rather than from the Taconic orogen farther east. The exact sediment provenance requires
a more detailed sedimentological study.
In the western part of the study area, the transition from the Manitoulin Formation
carbonates to lower Cabot Head Formation siliciclastic facies is gradational, with gradual
thinning and final disappearance of the interbedded carbonate units. The higher carbonate
content found in the lower Cabot Head Formation near the contact with the underlying
Manitoulin Formation indicate that the carbonate factory persisted longer westward
towards the inland basin. In the eastern part of the study area there is sharp lithofacies
change from the Whirlpool sandstone to the overlying Power Glen shale, interpreted as a
depositional succession in a localized low energy setting where coarser grained sands
could not reach (e.g back barrier/lagoon/estuary), but also where the carbonate factory
was overwhelmed by siliciclastic influx.
On a regional scale, the Power Glen Formation is a localized pocket of predominantly
dark grey shale, lacking maroon-coloured shales and siltstones typical of the Cabot Head
Formation. This may have represented deposition in a localized low energy environment
with restricted circulation.

Compared to the lateral facies equivalent Cabot Head

Formation towards the east where fossiliferous facies occur often, the Power Glen are
sparsely fossiliferous, indicating offshore marine facies. These two units are not
interchangeable, rather two distinct formations.
The gradational transition from shale-dominated facies of the uppermost Cabot Head
Formation to interbedded shale-silt-sandstone facies of the Devils Hole Formation in the
west and east/central parts of the study area indicates a shallowing up succession most
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likely because of a prograding siliciclastic depositional system. Locally in the eastern part
of the study area, the Balls Falls Member represents a localized area where dolostones
and dolomitic sandstones with hematite staining were deposited (see Appendix A, A:9,
A:10). This facies is interpreted as sand waves/shoals in a shoreface depositional setting,
characterized by sedimentologically mature quartz arenite with its primary high porosity
facilitating carbonate sedimentation and iron oxide staining.
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Figure 4.5. Locations of the Michigan Basin and the Appalachian Basin and the
major tectonic elements affecting Paleozoic sedimentation in southern Ontario.
White contour lines indicate elevation of the top of Precambrian basement meters
below mean sea level. The orange zone indicates the Appalachian orogenic belt with
the extent of thrusting shown as a thick, black dashed line. Thinner dashed line
represents the present-day erosional edge of Paleozoic rocks. (CS=Chatham Sag)
(Modified from Johnson et al. 1992; Armstrong and Carter 2010; Sun 2018)
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4.4 Grimsby-Thorold Succession
The deposition of the shale-siltstone-sandstone succession of the Grimsby Formation
starts with the Artpark phosphate deposit (see Appendix A, A:12; A:27; A:30), which is
interpreted to mark the beginning of a transgressive depositional system. The phosphate
pebbles consist of phosphatized skeletal (brachiopods, bryozoans) and lithic clasts which
are commonly subrounded to rounded. This interval represents a period of slow
sedimentation and cool water upwelling related to rapid sea level rise (Brett et al. 1995).
The lower and middle part of the Grimsby Formation contains three to four intervals of
bryozoan-dominated packstone, suggesting normal marine depositional environment. The
bryozoans are characterized by very thin, delicate, yet well-preserved branches
(Appendix C, C:6). None of the bryozoan shell beds show highly broken and abraded
skeletal hash, and no grainstone shell beds have been observed. The lithology suggests a
relatively deep-water, normal marine, subtidal setting below fair-weather wave base. As
discussed in previous studies (Benincasa, 1996) the Grimsby can be described with three
facies: marine dominated, mixed energy and a facies dominated by fluvial processes. The
facies described in Chapter 3 support these descriptions.
In the upper part of the Grimsby Formation the facies changes from shale and siltstone to
texturally mature sandstone (quartz arenite) with common swaley cross stratification
(SCS) but less common bryozoan shell beds, suggesting deposition at water depths just
below fair-weather base. The occurrence of abundant Arthrophycus burrowed horizons in
the uppermost part of the Grimsby Formation indicates a high level of biological activity
of benthic organisms related to each storm event that resulted in buried organic matter as
food sources for these infaual burrowers (Martini 1974a).
Regionally, the bryozoan shell beds do not extend into the eastern part of the study area,
where Arthrophycus burrowing and bioturbation are more abundant, especially in the
uppermost part of the formation (see Appendix A, A:10; A:14). The increasing amount of
sand deposits in the eastern area may have suppressed the development of bryozoan
thickets on the substrate but provided ideal substrates for burrowing organisms.
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Sandstone beds with erosive bases (Bouma cycles) and escape burrows would suggest
storm deposits as an alternate hypothesis.
The Thorold Formation quartz sandstones represent the last stage of a shallowing upward
succession as part of a prograding siliciclastic system (Benincasa, 1996). These are
composed of very well sorted, massive quartz arenite, lacking skeletal storm beds such as
those found in the underlying Grimsby Formation. Heavy bioturbation and densely
packed Daedalus burrows in the top part of the formation in some areas (see Appendix A,
A:20; A:30; A:31) (Martini, 1974a). This package of sandstone is interpreted as upper
shoreface (surf zone) deposits which may have been frequently reworked and
redistributed by storm-generated waves and currents. This observation is supported by its
lateral continuity in the study area with a relatively consistent thickness. The burrowed
top marks the end of this depositional process not yet reworked by storms.
The Grimsby-Thorold shallowing upward succession is overlain by the Densmore Creek
phosphate bed, which marks the beginning of a carbonate-dominated depositional system
up-section. The phosphate bed is a transgressive lag, composed of reworked lithic
fragments of the Thorold sandstone as well as phosphatized basal beds of the Clinton
Group (Neahga, Reynales, Fossil Hill, Merritton, Rockway formations) (see Appendix A,
A:20; A:27; A:30). This phosphate bed, therefore, serves a contact marker between
siliciclastic-dominated depositional package of the Medina Group and the carbonatedominated package of the Clinton Group.
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Chapter 5

5

Conclusions

5.1 Introduction
The lowest Silurian Medina Group stratigraphy in southwestern Ontario and adjacent
USA includes, in ascending order: the Whirlpool, Manitoulin, Cabot Head, Power Glen,
Devils Hole, Grimsby, and Thorold formations. The Medina Group comprises early
Silurian (mostly Rhuddanian) siliciclastic strata with minor carbonate interbeds in
southwestern Ontario. The interplay between forebulge migration phases (short-lived
tectonic activity), and paleoclimatic and paleogeographic conditions associated with this
Ordovician-Silurian boundary interval (glaciations, global sea level changes, marine
invertebrate mass extinctions) resulted in complex and rapidly changing depositional
environments on the far-field side of the Appalachian Foreland Basin of Laurentia
(southwestern Ontario; Brett et al. 1990; Brett et al. 1995; Ettensohn and Brett 2002;
Ettensohn et al. 2002; Ettensohn 2008; Brunton et al. 2012; Jin et al. 2013; Jin et al.
2018).
This study refined the formational boundaries (“picks” in subsurface stratigraphy) and
recognized four major sedimentary packages in the Medina Group in the subsurface of
southwestern Ontario based on detailed study of 47 cored wells in combination with
geophysical borehole logs.
The Manitoulin carbonate and Whirlpool siliciclastic facies comprise a thin package but
with laterally consistent thickness, overlying the peneplaned uppermost Ordovician
Queenston Formation. The contact between Queenston and Whirlpool is distinct on logs,
while the Whirlpool-Manitoulin can sometimes result in only a very slight inflection in
geophysical logs (e.g. gamma ray and neutron/density), making it difficult to delineate,
and core and cuttings are needed to verify and cross-check the contact interval in some
areas. This carbonate-siliciclastic transition has a distinct facies transition zone, from
mixed carbonate siliciclastic in the west to predominantly siliciclastic facies changes
towards the eastern part of the study area. The contact is described as pale grey to tan,
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fine-grained sandstone interbedded with fine-grained sand/silt transitioning upwards to
grey to tan, fine-grained dolostone, with abundant fossiliferous material interbedded
within the dolo-mudstone and dolomitic sandstone to the west.
Overlying disconformably on these strata are the Cabot Head shale, changing locally into
pink/grey, slightly dolomitic, medium- to fine-grained sandstone of the Devils Hole
Formation or dark grey/green shale and sandstone of the Power Glen Formation. The
depositional package is complex — a greater range of lithological variation dominated by
shale with minor siltstone and sandstone interbeds or lenses. This indicates a shallowing
upward succession most likely because of a prograding siliciclastic depositional system.
The contacts between these units are difficult to delineate without the use of core, as the
log signatures and characteristics are variable across the study area. In the western part of
the study area, the Cabot Head contact is at the first occurrence of a white to tan, finegrained dolomitic sandstone bed, fining upwards to a grey, fine-grained dolomitic
siltstone and shale interbedded with dolomitic sandstone. The Cabot Head transitions into
the Power Glen Formation in the central-eastern part of the study area, where the contact
with the Whirlpool Formation is sharp, transitioning from a white to tan, fine-grained
sandstone to dark grey to black, fissile shale with white, fine-grained sandstone beds, The
Devils Hole Formation has a slight change in colour and composition compared to the
Cabot Head, but occurs more commonly in the eastern part of the study area. The Devils
Hole consists of more dark grey to green, fine-grained silt and shale beds with thicker
interbedded fine-grained sandstone. The presence of bioturbation and phosphatized grains
aids in the delineation of the contact.
The overlying Grimsby Formation marked the beginning of a transgressive depositional
system, characterized by interbedded red and green sandstones, siltstones, and shales,
with multiple thin biostromes of well-preserved delicate bryozoans in the western part of
the study area. The lower and middle part of the Grimsby formation suggests normal
marine depositional setting just below the fair-weather wave base. These bryozoandominated storm beds in the Grimsby versus those reported previously by others in the
Cabot Head Formation require further study, as they be of significance for
biostratigraphy and paleoecology. The upper part of the Grimsby Formation comprises
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massive-bedded, fine-grained quartz arenite with swaley cross stratification (SCS) and
the presence of abundant Arthrophycys burrows. The transition from the underlying
depositional package to the Grimsby on logs is difficult to delineate, and core and
cuttings are needed to determine the contact. The presence of the Artpark phosphate lag
in the eastern part of the study area provides ease as this is a known marker bed.
The Thorold Formation represents the topmost sandstone succession of the Medina
Group. It commonly comprises light grey quartz arenites, which may be burrowed or
chaotically bioturbated locally. This formation represents the last stage of a shallowing
upward succession as part of a prograding siliciclastic system. The Grimsby-Thorold
formational contact has been a matter of debate in previous studies because similarities in
sediment colour, lithology, and sedimentary structures. The degree of confidence in
making this pick even with core, drill cuttings and geophysical logs is moderately
confident. The contact is marked by a white to tan to green, fine-grained sandstone with
interbedded dark grey to green shale and abundant burrowing just below the contact with
the overlying Clinton Group.
Two phosphate marker beds are useful for subregional stratigraphic correlations. The
Artpark Phosphate bed is used to distinguish the contact between Devils Hole and
Grimsby Formations, and the Densmore Creek phosphate lag between the Thorold and
the above Clinton Group.

5.2 Future Work
The Medina Group units have been constantly redefined over the course of 150 years.
This study aims to define and delineate formational rank contacts of the Medina Group,
but there is still work to be completed. The thesis objectives were to create uniform
nomenclature across formations, update the lack of diagnostic criteria, and update the
boundaries and geographical extent of formational-rank contacts. Recommended future
work is as follows:
•

Increasing the study area to completely refine formational rank contacts across
not just Lake Erie but onto onshore Ontario and neighbouring United States.
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Associated with this would be updated to nomenclature to create consistency
between the formation names found across the Canada/United States border.
•

‘Secondary units,’ such as the Kodak/Cambria/Devils Hole/Power Glen
Formations and Balls Falls Mb; though recognized by previous workers but
poorly defined in the subsurface before this study, the recognition and delineation
of contacts would aid in the updating of diagnostic criteria for said ‘secondary’
units, and aid in the distribution across southwestern Ontario and neighbouring
United States.

•

Update the 3D geometry of the studied stratigraphic units using isopach mapping.
This in turn, could potentially predict the potential oil/gas reservoirs and
hypothesize the geographic extent of said reservoirs.
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Appendix A
Appendix A: Lithostratigraphic diagrams for priority and secondary wells within
the study area

Geophysical Log

Core Log

Key Core Photos

Consumers’ 13755, Lake Erie 220-W-4
T003582 - Core 766
Gamma Ray API Units
0

200

Neutron Porosity
45

0

Log Depth

Core Log

Lithologic Description

2099.74 ft
640 m

1

Clinton Group Formations,
not described

Thorold Fm

1

2132.55 ft
650 m

Grimsby Fm 2

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

3
Devils Hole Fm

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
Cabot Head Fm

Thorold Formation sandstone

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

2214.54 ft
675 m

Depth: 651.25 m / 2136.65 ft

2

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone
M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

Manitoulin Fm

Grimsby Formation sandstone
Depth 655 m / 2148.95 ft

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Whirlpool Fm
Queenston Fm

White to tan fine grade sandstone,
extremely bioturbated and burrowed
(horizontal and vertical), dark grey/grey
silt/mud laminations visible moving upwards
the formation

White to tan fine to medium grade
sandstone with irregular maroon staining,
cross bedding visible following thin dark grey
silt/mud drapes

Q: red/maroon fissile shale
2296.59 ft
700 m

3

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Devils Hole Formation phosphate

Original geophysical picks (Form 7)

No core or cuttings available

Depth: 659.45 m / 2131.07 ft

Core Information: Core ranges from Cabot Head to Thorold Formation, cuttings cover 640 - 699 m / 2099.74 2293.31 ft and cored interval. Depths in descriptions are based on depths recorded in core, not geophysical log
depths. Discrepancy of 0.5 m (deep) between recorded core depths and gamma ray/neutron log depths. Core
photos are photographed wet and are oriented in their way-up direction and displayed in 5 cm increments.

White to tan very fine to fine grade siltstone/
sandstone/packstone with well rounded
phosphate grains, bioturbation and
fossiliferous material, interbedded within
dark grey/grey fissile shale

Keywords: Fissile shale, sand lenses, burrowing, bioturbation, fossiliferous material, phosphate lag,
fining upward sequences, coarsening upward sequences, massive sandstone, parallel bedding,
blotchy staining

Appendix A: 1 Lithostratigraphy log and geophysical log for T003582, core 766, primary well

Geophysical Log

Core Log

Key Core Photos

Anschutz #4, Lake Erie 162-T-4
T004805 - Core 694
Gamma Ray API Units
0

200

Sonic (ms/foot)
2.25

3.00

Log Depth

Core Log

Lithologic Description

1850 ft
563.88 m

1

Clinton Group Formations,
not described

Thorold Fm

1
2 1900 ft

579.12 m

Grimsby Fm

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

Thorold Formation sandstone with
burrowing

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

Devils Hole Fm
1950 ft
594.36 m

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration

Depth: 573.48 m / 1881.49 ft
White to tan/green fine grade sandstone
with burrowing and bioturbation

2

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone
Cabot Head Fm
2000 ft
609.60 m

Whirlpool Fm

Grimsby Formation sandstone
Depth: 578.95 m / 1899.44 ft

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Manitoulin Fm
Queenston Fm

M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

Q: red/maroon fissile shale

3
2050 ft
615.70 m

Deep red/maroon fine to very fine grade
sandstone with soft sediment deformation,
deformed parallel bedding

3

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Whirlpool Formation sandstone

Original geophysical picks (Form 7)

No core or cuttings available

Depth: 621.79 m / 2040 ft
White to tan, very fine to fine grade, well
sorted, subrounded sandstone

Core Information: Core ranges from Cabot Head to Clinton Group, cuttings cover 573.02 - 621.79 m / 1880 - 2040
ft. Depths in descriptions are based on depths recorded in core, not geophysical log depths. Discrepancy of 2 m
(deep) between recorded core depths and gamma ray/neutron log depths. Core photos are photographed wet and
are oriented in their way-up direction and displayed in 5 cm increments. Cuttings are displayed at 1 mm scale.
Keywords: Fissile shale, maroon staining, bioturbation, mud laminae, massive sandstone, parallel bedding,
mud laminae, blotchy staining, low angle parallel bedding, soft sediment deformation, burrowing, phosphatic
lag, unconformity

Appendix A: 2 Lithostratigraphy log and geophysical log for T004805, core 694, primary well

Geophysical Log

Core Log

Key Core Photos

Consumers’ Pan Am 13036, Lake Erie 118-MT002523 - Core 808
Gamma Ray API Units
0

200

Neutron c.u.
250

1050

Log Depth

Core Log

Lithologic Description

1650 ft
502.92 m

1

Clinton Group Formations,
not described
T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

Thorold Fm 1

Grimsby Fm

2 1700 ft

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

Devils Hole Fm
3

Cabot Head Fm

Thorold Formation boundary

518.16 m

1750 ft
533.40 m

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration

Depth: 513.05 m / 1683.23 ft

2

White to grey fine grade sandstone, thinly
cross and parallel bedded, reworked/burrowed and cemented tan to dark grey fine
grade dolomitic sandstone with small
phosphatic grains

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone

Manitoulin Fm
Whirlpool Fm

1800 ft
548.64 m

Queenston Fm

M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

Grimsby Formation shell bed

Q: red/maroon fissile shale

Depth: 522.93 m / 1715.65 ft

1820 ft
473.96 m

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Devils Hole to Clinton Group, cuttings cover 502.92 m - TD / 1650 ft - TD with
1721 - 1730 ft / 524.56 - 527.30 m missing. Depths in descriptions are based on depths recorded in core, not
geophysical log depths. Discrepancy of 2 m (deep) between recorded core depths and gamma ray/neutron log
depths. Core photos are photographed wet and are oriented in their way-up direction and displayed in 5 cm
increments.

Red/maroon to white tan fossilferous
packstone bed, interbedded cemented
sandstone with bedding planes visible

3

Devils Hole Formation packstone
Depth: 523.24 m / 1716.67 ft
White to tan very fine to fine grade
siltstone/sand packstone, interbedded with
dark grey shale/silstone and parallel
erosional surface

Keywords: Fissile shale, burrowing, bioturbation, fossiliferous material, phosphate grains, mud rip up clasts,
blotchy staining, fining upward sequences, coarsening upward sequences, liesegang banding, massive
sandstone, unconformity

Appendix A: 3 Lithostratigraphy log and geophysical log for T002523, core 808, priority well

Geophysical Log

Core Log

Key Core Photos

Consumers’ 13217, Lake Erie 120-H-3
T003582 - Core 317
Gamma Ray API Units
0

200

Neutron API Units
450

2700

Log Depth

Core Log

1600 ft
487.68 m

Thorold Fm

1

Clinton Group Formations,
not described
T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey/red shale
partings, burrowing

1

Grimsby Fm
1650 ft
502.92 m

2
Devils Hole Fm 3

Cabot Head Fm

Lithologic Description

1700 ft
518.16 m

G: Red, grey/white fine to
medium grade sandstone
interbedded with silt and
shale partings, parallel and
low angle bedding, blotchy
staining, small phosphatic
subrounded grains
DH: White to grey very fine
to fine grade silt/shale and
massive sandstone,
red/maroon fossiliferous
material, bioturbated and
burrowed

Thorold Formation sandstone
Depth 495.15 m / 1624.51 ft
White/tan massive fine grade sandstone
with thin grey/green mud rip up clasts

2

CH: Dark grey fissile shale
with thin interbeds of white
to tan very fine to fine
grade dolomitic sandstone
Manitoulin Fm
Whirlpool Fm
1750 ft
533.40 m

Queenston Fm
1766 ft
538.28 m

M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds
W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Depth: 507.79 m / 1665.98 ft

Q: red/maroon fissile shale

Legend

3

Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations

Balls Falls Member red/maroon fossiliferous
dolomitic sandstone

New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Red/maroon dolomitic packstone with fine to
very fine grade white/tan sandstone with
abundant fossil fragments (bryozoans,
bivalves, crinoids)

Devils Hole Formation sandstone

Core Information: Core ranges from Cabot Head to Thorold, cuttings cover cored interval and uncored interval of
513.28 m / 1684 ft to TD. Depths in descriptions are based on depths recorded in core, not geophysical log
depths. Discrepancy of 5 feet (deep) between recorded core depths and gamma ray/neutron log depths. Core
photos are photographed wet and are oriented in their way-up direction and displayed in 5 cm increments.

Depth: 509.00 m / 1669.95 ft
White to tan massive fine to medium grade
sandstone with small mud rip up clasts and
fossil fragments (bivalve shells/brachipods)

Keywords: Fissile shale, burrowing, fossiliferous/shell bed, coarsening upward sequence, fining upward
sequence, phosphate grains, parallel bedding, low angle bedding, blotchy staining

Appendix A: 4 Lithostratigraphy log and geophysical log for T003582, core 317, priority well

Geophysical Log

Core Log

Key Core Photos

Consumers’ 13164, Lake Erie 157-M-2
T003433 - Core 337
Gamma Ray API Units
0

200

Neutron API Units
450

2400

Log Depth

Core Log

Lithologic Description

1700 ft
518.16 m

1

Clinton Group Formations,
not described

1750 ft
533.40 m

Thorold Fm

1

Grimsby Fm

Devils Hole Fm

2 Balls Falls Mb
3

1800 ft
548.64 m

G: Red, grey/white fine to
medium grade sandstone
interbedded with silt and
shale partings, parallel and
low angle bedding, blotchy
staining, liesegang banding

Grimsby sandstone with liesegang banding
Depth 538.50 m / 1766.73 ft
Red/maroon massive fine grade sandstone
with dark brown bulls eye/rounded liesegang
banding

2

DH: White to grey very fine
to fine grade silt/shale and
massive sandstone,
subrounded phosphatic
grains and red/maroon
fossiliferous material,
heavily bioturbated and
burrowed

Cabot Head Fm
1850 ft
563.88 m

CH: Dark grey fissile shale
with thin interbeds of white
to tan very fine to fine
grade sandstone

Devils Hole sandstone with phosphate
grains and fossil fragments
Depth: 547.72 m / 1796.98 ft

M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

Manitoulin Fm
Whirlpool Fm

Queenston Fm

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey/red shale
partings, burrowed near the
top of the formation

1900 ft
563.88 m

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

White to tan massive fine grade sandstone
with small phosphate pebbles and fossil
fragments (bivalve shells/brachipods)

3

Q: red/maroon fissile shale
1920 ft
585.22 m

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Balls Falls maroon fossiliferous dolomitic
sandstone
Depth: 549.55 m / 1803 ft
Red/maroon dolomitic packstone sandstone
with fine to very fine grade white/tan
sandstone with abundant fossil fragments
(bryozoans, bivalves, crinoids) and
burrowing

Core Information: Core ranges from Cabot Head to Thorold, cuttings cover cored interval and uncored interval of
557.78 m / 1830 ft to TD. Depths in descriptions are based on depths recorded in core, not geophysical log
depths. Discrepancy of 5 feet (shallow) between recorded core depths and gamma ray/neutron log depths. Core
photos are photographed wet and are oriented in their way-up direction and displayed in 5 cm increments.
Keywords: Fissile shale, burrowing, fossiliferous/shell bed, phosphate lag, coarsening upward sequence, fining
upward sequence, phosphate grains, parallel bedding, low angle bedding, blotchy staining, mud rip up clasts,
liesegang banding, bioturbation

Appendix A: 5 Lithostratigraphy log and geophysical log for T003433, core 337, priority well

Geophysical Log

Core Log

Key Core Photos

Consumers’ Pan Am 13022, Lake Erie 155-Y-3
T002401 - Core 292
Gamma Ray API Units
0

200

Neutron API Units
250

1200

Log Depth

Core Log

Lithologic Description

1

1750 ft
533.40 m

Clinton Group Formations,
not described

Thorold Fm

1800 ft
548.64 m

Grimsby Formation sandstone

G: Red, grey/white fine to
medium grade sandstone
interbedded with silt and
shale partings, parallel and
low angle bedding, blotchy
staining, small phosphatic
subrounded grains

Grimsby Fm

1850 ft
563.88 m

Devils Hole Fm

1
2

DH: White to grey very fine
to fine grade silt/shale and
massive sandstone,
red/maroon fossiliferous
material, bioturbated and
burrowed

Depth: 555.00 m / 1820.87 ft
White/tan/green fine grade sandstone with
very thin parallel mud laminations, blotchy
staining visible

2

CH: Dark grey fissile shale
with thin interbeds of white
to tan very fine to fine
grade dolomitic sandstone

Cabot Head Fm
1900 ft
579.12 m

M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds
W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Manitoulin Fm
Whirlpool Fm
Queenston Fm

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey/red shale
partings, burrowing

1946 ft
593.14 m

Devils Hole Formation sandstone
Depth: 564.75 m / 1852.85 ft
White to tan massive fine to medium grade
sandstone, rust coloured stain from drilling
visible on lower left corner

Q: red/maroon fissile shale

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Cabot Head to Grimsby, cuttings cover cored interval and uncored interval of
569.97 m / 1870 ft to TD. Depths in descriptions are based on depths recorded in core, not geophysical log
depths. Discrepancy of 2 feet (shallow) between recorded core depths and gamma ray/neutron log depths. Core
photos are photographed wet and are oriented in their way-up direction and displayed in 5 cm increments.
Keywords: Fissile shale, massive sandstone, coarsening upward sequence, fining upward sequence, parallel
bedding, low angle bedding, blotchy staining

Appendix A: 6 Lithostratigraphy log and geophysical log for T002401, core 292, priority well

Geophysical Log

Key Core Photos

Core Log

Consumers’ Pan Am 13044, Lake Erie 123-R-4
T002521 - Core 809
Gamma Ray API Units
0

200

Neutron API Units
250

850

Log Depth

Core Log

Lithologic Description

1

1600 ft
487.68 m

Thorold Fm

1650 ft
502.92 m

Grimsby Fm
1

Devils Hole Fm
2
Balls Falls Mb
1700 ft
518.16 m

Cabot Head Fm

Manitoulin Fm
Whirlpool Fm

G: Red, grey/white fine to
medium grade massive and
bedded sandstone
interbedded with silt and
shale partings, blotchy
staining and burrows
DH: White to grey very fine
to fine grade silt/shale and
massive sandstone,
red/maroon fossiliferous
material, bioturbated and
burrowed

Basal Grimsby Formation sandstone
Depth 509.30 m / 1670.93 ft
White to tan fine grade sandstone with dark
brown to dark grey dish structures

2

CH: Dark grey fissile shale
with thin interbeds of white
to tan very fine to fine
grade dolomitic sandstone

1750 ft
533.40 m

Queenston Fm

Balls Falls Member fossil bed
Depth: 513.44 m / 1684.51 ft

1770ft
539.49 m

Red/maroon fine to very fine grade sand/silt
with fossil fragments (bryozoans,
brachiopods, crinoids)

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Cabot Head to Thorold, cuttings cover cored interval only. Depths in
descriptions are based on depths recorded in core, not geophysical log depths. Discrepancy of 1 foot (deep)
between recorded core depths and gamma ray/neutron log depths. Core photos are photographed wet and are
oriented in their way-up direction and displayed in 5 cm increments.
Keywords: Fissile shale, burrowing, fossiliferous/shell bed, coarsening upward sequence, fining upward
sequence, massive, parallel bedding, dish structures, low angle bedding, blotchy staining

Appendix A: 7 Lithostratigraphy log and geophysical log for T002521, core 809, priority well

Geophysical Log

Key Core Photos

Core Log

Consumers’ Pan Am 13062, Lake Erie 124-D-3
T002721 - Core 848
Gamma Ray API Units
0

200

Neutron API Units
157.50

945

Log Depth

Core Log

Lithologic Description

1500 ft
457.20 m

1

Clinton Group Formations,
not described

Thorold Fm 1

Grimsby Fm

2

1550 ft
472.44 m

3
Devils Hole Fm

1600 ft
487.68 m

Cabot Head Fm

1650 ft
502.92 m

Manitoulin Fm

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey/red shale
partings, cross and parallel
bedding
G: Red, grey/white fine to
medium grade sandstone
interbedded with silt and
shale partings, parallel and
low angle bedding, blotchy
staining, liesegang banding
DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, heavily bedded
CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone

Grimsby Formation sandstone with soft
sediment deformation
Depth 475.27 m / 1559.28 ft
White to tan fine grade sandstone, dark grey
silt/shale, ball and pillow soft sediment
deformation structure

2

M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

Basal Grimsby Formation clast lag
Depth: 479.05 m / 1571.69 ft

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Whirlpool Fm
Queenston Fm

Q: red/maroon fissile shale
1702 ft
518.77 m

White to tan fine grade sandstone with dark
grey/green mud clasts, small fossiliferous
material (bivalve and brachiopods) and small
phosphatic grains

3

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Cabot Head to Grimsby, cuttings cover cored interval and uncored interval
of 484.63 m / 1590 ft to 510.23 m / 1674 ft. Depths in descriptions are based on depths recorded in core,
not geophysical log depths. Discrepancy of 4 feet (shallow) between recorded core depths and gamma ray/
neutron log depths. Core photos are photographed wet and are oriented in their way-up direction and displayed
in 5 cm increments.

Devils Hole Formation sandstone and shale
Depth: 483.65 m / 1586.78 ft
White to tan fine grade sandstone with
interbedded grey/green shale, small
phosphatic grains on top of parallel surface
of grey shale, slight burrowing and
bioturbation

Keywords: Fissile shale, parallel bedding, large mud rip up clasts, coarsening upward sequence, fining
upward sequence, soft sediment deformation, ball and pillow structures, phosphate grains, mud laminae,
low angle bedding, parallel bedding

Appendix A: 8 Lithostratigraphy log and geophysical log for T002721, core 848, priority well

Core Log

Geophysical Log

Key Core Photos

SHAWNEE UBR N. WALSINGHAM NO.1, North Walsingham 10-VII
T002940 - Core 103
Gamma Ray API Units
0

200

Neutron Porosity
300

1100

Log Depth

Core Log

Lithologic Description

1250 ft
381.00 m

1

Clinton Group Formations,
not described

1300 ft
369.24 m

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings

Thorold Formation sandstone

1

Depth 400.40 m / 1313.65 ft

Thorold Fm

G: Grey/white fine to
medium grade sandstone
interbedded with silt and
shale partings, parallel and
low angle bedding

Grimsby Fm 2
3
Devils Hole Fm
Balls Falls Mb

1350 ft
411.48 m

Cabot Head Fm

1400 ft
426.72 m

DH: White to grey to red
very fine to fine grade
silt/shale and sandstone,
dolomitic sandstone,
burrows and biotubration,
phosphate grains

White to grey fine to very fine grade
sandstone, very thin mud laminae/low angle
bedding

2

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone
Devils Hole Formation hematitic sandstone
M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

Manitoulin Fm
Queenston Fm

Depth: 408.42 m / 1339.96 ft
Deep maroon/brown fine grade hematized
sandstone with subrounded phosphatic
grains and large grey/green/maroon shale
rip clasts

Q: red/maroon fissile shale
1436 ft
437.69 m

3

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Balls Falls Member dolomitic sandstone
Depth: 412.09 m / 1352.00 ft

Core Information: Core ranges from Devils Hole to Clinton Group, cuttings do not cover cored interval, cuttings
cover uncored interval of 414.53 m / 1360 ft to TD. Depths in descriptions are based on depths recorded in
core, not geophysical log depths. Discrepancy of 2 ft (deep) between recorded core depths and gamma ray/
neutron log depths. Core photos are photographed wet and are oriented in their way-up direction and
displayed in 5 cm increments.

White to tan fine grade dolomitic sandstone
with thin microbial laminae, small white
fossiliferous material visible, interbedded
within red/grey shale

Keywords: Fissile shale, sand lenses, bioturbation and burrowing, phosphatic grains, parallel bedding, hematitic
sandstone, mud rip up clasts, mud laminae, coarsening upward sequence, fining upward sequence, massive
sandstone, low angle bedding

Appendix A: 9 Lithostratigraphy log and geophysical log for T002940, core 103, priority well

Geophysical Log

Key Core Photos

Core Log

Consumers’ Amoco 13100, Lake Erie 126-P-2
T002777 - Core 1064
Gamma Ray API Units
0

200

Neutron Porosity
300

1200

Log Depth

Core Log

Lithologic Description

1

1600 ft
487.68 m

Clinton Group Formations,
not described

Thorold Fm

Grimsby Fm
1650 ft
502.92 m

Devils Hole Fm
Balls Falls Mb

1
2
3
1700 ft
518.16 m

Cabot Head Fm

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing
G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining
DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
grains

Thorold Formation burrows
Depth 495.67 m / 1626.21 ft
Grey/green to white/grey/green silt to very
fine grade sandstone heavily burrowed and
cemented

2

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone

Manitoulin Fm

1750 ft
533.40 m

Whirlpool Fm

M: Dark grey/tan dolomite
with fine sand grade
dolomitic sandstone and
shale interbeds

Devils Hole Formation sandstone with clasts

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Queenston Fm

Depth: 508.56 m / 1668.57 ft
White to grey very fine to fine grade
sandstone with large grey/green subrounded
to subangular rip up clasts, large subrounded
phosphatized pebbles

Q: red/maroon fissile shale
1790 ft
549.59 m

3

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Devils Hole Formation sandstone
Depth: 509.33 m / 1671.03 ft

Core Information: Core ranges from Devils Hole Formation to Clinton Group, cuttings cover cored interval and
uncored interval of 515.11 m / 1690 ft to TD. Depths in descriptions are based on depths recorded in core,
not geophysical log depths. Discrepancy of 5 ft 6 in (shallow) between recorded core depths and gamma
ray/neutron log depths. Core photos are photographed wet and are oriented in their way-up direction
and displayed in 5 cm increments.

White to tan fine grade sandstone with
subrounded small phosphatic grains and
fossiliferous material, grey green shale clasts
with oxidized rims

Keywords: Fissile shale, sand lenses, large rip up clasts, phosphatic grains, massive sandstone, mud laminae,
coarsening upward sequence, fining upward sequence, low angle bedding, blotchy staining, liesegang banding,
burrowing and bioturbation, unconformity

Appendix A: 10 Lithostratigraphy log and geophysical log for T002777, core 1064, priority well

Core Log

Geophysical Log

Key Core Photos

Pembina #2, Lake Erie 65-E-2
T006752 - Core 916
Gamma Ray API Units
0

200

45
45

Neutron Porosity -15
Density Porosity -15
Log Depth

Core Log

Lithologic Description

1033.46 ft
315 m

1

Clinton Group Formations,
not described
1066.27 ft
325 m

Thorold Fm

1
Grimsby Fm

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

Grimsby Formation sandstone
Depth: 330.00 m / 1082.68 ft

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

2

3
Devils Hole Fm
1148.29 ft
350 m

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphatic
grains

White/grey to red/maroon fine grade
sandstone, vertical burrowing and
cementation

2

Cabot Head Fm

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone

Manitoulin Fm

M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

Grimsby Formation sandstone

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

White to tan, red to maroon very fine to fine
grade sandstone, irregular rounded staining

Whirlpool Fm
Queenston Fm
1230.31 ft
375m

Q: red/maroon fissile shale

Depth: 338.40 m / 1110.24 ft

3

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Artpark Phosphate Lag/Devils Hole
Formation
Depth: 344.35 m / 1129.76 ft

Core Information: Core ranges from Devils Hole to Grimsby Formation, cuttings cover 315 - TD / 1033.46 ft - TD.
Depths in descriptions are based on depths recorded in core, not geophysical log depths. Discrepancy of 2 m
(deep) between recorded core depths and gamma ray/neutron log depths. Core photos are photographed wet and
are oriented in their way-up direction and displayed in 5 cm increments.

White to tan/maroon fine to medium grade
cemented sandstone, subrounded
phosphatic grains, soft sediment deformaton

Keywords: : Fissile shale, burrowing and bioturbation, cementation, mud laminae, mud rip up clasts,
phosphatic grains, massive sandstone, blotchy staining, fining upward sequences, coarsening upward
sequences, parallel bedding, liesegang banding

Appendix A: 11 Lithostratigraphy log and geophysical log for T006572, core 916, primary well

Core Log

Geophysical Log

Key Core Photos

CPOG Haldimand No.1, Lake Erie 131-G-4
T003011 - Core 146
Gamma Ray API Units
0

200

Neutron Porosity
3000

-1500

Log Depth

Core Log

Lithologic Description

1530 ft
466.34 m

1550 ft
472.44 m

Thorold Fm

Grimsby Fm
1
1600 ft
487.68 m

Devils Hole Fm
Balls Falls Mb

Clinton Group Formations,
not described
T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing
G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining
DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
grains

2

1650 ft
502.92 m

M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

Manitoulin Fm

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Whirlpool Fm
Queenston Fm

1700 ft
518.16 m

Artpark Phosphate Zone
Depth 486.45 m / 1595.96 ft
White to tan fine grade sandstone with small
subrounded phosphatic grains, pyrritization
of some grains

2

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone

Cabot Head Fm

3

1

Devils Hole Formation/Balls Falls Member
sandstone
Depth: 496.82 m / 1630 ft
White to red very fine to fine grade well
rounded hematized dolomitic sandstone,
microscope photo

Q: red/maroon fissile shale
1720 ft
524.26 m

3

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Manitoulin Formaiton dolostone
Depth: 519.07 m / 1702.98 ft

Core Information: Core ranges from Whirlpool to Cabot Head Formation, Devils Hole to Thorold Formation,
cuttings cover cored interval and uncored interval of 489.20 m / 1605 ft to TD. Depths in descriptions are
based on depths recorded in core, not geophysical log depths. Discrepancy of 2 ft 2 in (shallow) between recorded core depths and gamma ray/neutron log depths. Core photos are photographed wet and are oriented in their
way-up direction and displayed in 5 cm increments. Microscope photos are displayed with 1 mm scale.

White to tan fine grade carbonate cemented
sandstone with burrowing and bioturbation

Keywords: Fissile shale, sand lenses, burrows, bioturbation, cementation, dolomitic sandstone, phosphatic
grains, massive sandstone, mud laminae, coarsening upward sequence, fining upward sequence, low
angle bedding, blotchy staining, unconformity

Appendix A: 12 Lithostratigraphy log and geophysical log for T003011, core 146, priority well

Geophysical Log

Core Log
1

Pembina #4, Lake Erie 67-F-4
T005858 - Core 774
Gamma Ray API Units
0

200

Key Core Photos

Neutron Porosity
45

0

Log Depth

Core Log

Lithologic Description

1148.29 ft
350 m

Clinton Group Formations,
not described
Thorold Formation sandstone
T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing
G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

Thorold Fm

Grimsby Fm

1

3
4
Devils Hole Fm 2

1230.31 ft
375 m

Balls Falls Mb

Cabot Head Fm

Whirlpool Fm

Depth: 359.90 m / 1180.77 ft
White to tan fine grade sandstone with low
angle bedding, dark grey to green subangular mud rip up clasts

2

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
grains
Grimsby Formation dewatering structure (?)

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone

1312.34 ft
400 m

Queenston Fm

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Depth 361.45 m / 1185.86 ft
White to tan very fine to fine grade
sandstone with red/maroon laminated mud,
potential dewatering structure, dark
grey/black burrowed silty shale above

3

Q: red/maroon fissile shale

1328.74 ft
405 m

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Queenston to Cabot Head Formation, Devils Hole to Clinton Group, cuttings
cover cored interval and uncored interval of 376 m / 1233.60 ft to TD. Depths in descriptions are based on
depths recorded in core, not geophysical log depths. Discrepancy of 0.7 m (deep) between recorded core
depths and gamma ray/neutron log depths. Core photos are photographed wet and are oriented in their way-up
direction and displayed in 5 cm increments.

Grimsby Formation sandstone
Depth: 364.45 m / 1195.70 ft
White/tan/maroon very fine to fine grade
sandstone with cross bedding

4

Keywords: Fissile shale, mud laminae, mud rip up clasts, dolostone, limestone, phosphate lag, bioturbation,
fining upward sequences, coarsening upward sequences, high angle erosional surfaces/bedding, low angle
bedding, blotchy staining, hematitic sandstone, massive sandstone
Devils Hole Formation with phosophate lag
Depth: 374.40 m / 1228.34 ft
Dark grey burrowed silt/shale with fine to
very fine grade white/tan sandstone,
subrounded to subangular phosphate
pebbles

Appendix A: 13 Lithostratigraphy log and geophysical log for T005858, core 774, priority well

Core Log

Geophysical Log

Key Core Photos

Place Anschutz, Lake Erie 19-X-1
T004008 - Core 683
Gamma Ray API Units
0

200

Bulk Density gm/cc
2.25

3.0

Log Depth

Core Log

Lithologic Description

900 ft
274.32 m

1

Clinton Group Formations,
not described

1
Thorold Fm

2 289.56 ft
950 m

3

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

Thorold Formation boundary
Depth: 440.13 m / 1443.99 ft

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

Grimsby Fm

1000 ft
304.80 m

Devils Hole Fm

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration

White to grey fine grade sandstone,
glauconite, very small phosphatic grains
within sandstone matrix

2

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone

Cabot Head Fm

1050 ft
320.04 m

Manitoulin Fm

M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

Thorold Formation burrows
Depth: 442.62 m / 1452.16 ft

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Whirlpool Fm

Queenston Fm

Q: red/maroon fissile shale
1100 ft
335.28 m

White to tan very fine to fine grade
sandstone/ siltstone with large vertical
burrows, dark grey silt and shale at contact

3

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Artpark Phosphate Lag

Original geophysical picks (Form 7)

No core or cuttings available

Depth: 453.95 m / 1489.33 ft

Core Information: Core ranges from Devils Hole to Clinton Group, cuttings cover 460.25 - TD / 1510 ft - TD.
Depths in descriptions are based on depths recorded in core, not geophysical log depths. Discrepancy of 2 m
(deep) between recorded core depths and gamma ray/neutron log depths. Core photos are photographed wet and
are oriented in their way-up direction and displayed in 5 cm increments.

White to tan/maroon fine to medium grade
cemented sandstone, subrounded
phosphatic grains, phosphatized
fossiliferous material (brachiopods)

Keywords: Fissile shale, large sand lenses, mud laminae, hematitic sandstone, phosphate lag, fossiliferous
material, mud rip up clasts, blotchy staining, fining upward sequences, coarsening upward sequences,
liesegang rings, massive sandstone, bioturbation, glauconite, unconformity

Appendix A: 14 Lithostratigraphy log and geophysical log for T004008, core 683, primary well

Geophysical Log

Core Log
1

Pembina, Lake Erie 39-Y-3
T007753 - Core 1013
Gamma Ray API Units
0

200

Key Core Photos

Neutron Porosity
30

-15

Log Depth

Core Log

Lithologic Description

1099.08 ft
335 m

Clinton Group Formations,
not described

Thorold Fm

1148.29 ft
350 m

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing
G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

Grimsby Fm

Power Glen Formation sandstone and
siltstone
Depth: 382.80 m / 1255.90 ft
White/tan fine to medium grade sandstone
with small shell fragments and pebbles, sharp
contact with dark grey/tan silty shale with
horizontal burrows and slight bioturbation

2

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
grains

Devils Hole Fm
Power Glen Fm

1230.31 ft
375 m

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

1
Whirlpool Fm 2

Q: red/maroon fissile shale

3
4

Whirlpool Formation sandstone with mud
laminae

PG: Dark grey fissile shale
with interbeds of grey to tan
very fine to fine grade
sandstone/siltstone

Depth: 384.40 m / 1261.15 ft
White/tan fine to medium grade sandstone,
cross bedding visible interbedded with dark
grey/black mud laminae, phosphatic grains
and glauconite present

3

Queenston Fm
1295.93 ft
395 m

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Whirlpool Formation sandstone
Depth: 386.07 m / 1266.63 ft
White to tan very fine to fine grade
sandstone interbedded with dark grey/black
mud laminae and large curved mud rip up
clasts

4

Core Information: Core ranges from Queenston to Whirlpool Formation, cuttings cover uncored interval of 353
- 381 m to top of core. Depths in descriptions are based on depths recorded in core, not geophysical log
depths. Discrepancy of 0.8 m (shallow) between recorded core depths and gamma ray/neutron log depths.
Core photos are photographed wet and are oriented in their way-up direction and displayed in 5 cm increments.
Keywords: Fissile shale, mud laminae, mud rip up clasts, fining upward sequences, coarsening upward
sequences, massive sandstone, parallel bedding, cross bedding, bioturbation, burrowing, glauconite, small
phosphate grains

Queenston-Whirlpool Formation contact
Depth: 387.02 m / 1269.75 ft
Grey to green shale with a sharp erosional
surface, white to tan very fine to fine sand
grade sandsotne with grey to green shale rip
clasts and reworked silt

Appendix A: 15 Lithostratigraphy log and geophysical log for T007753, core 1013, priority well

Core Log

Geophysical Log

1

Pembina, Lake Erie 72-O-1
T008155 - Core 1040
Gamma Ray API Units
0

200

30
30

Key Core Photos

Neutron Porosity
Density Porosity

-15
-15

Log Depth

Core Log

Lithologic Description

1279.53 ft
390 m

Clinton Group Formations,
not described
1312.34 ft
400 m

Thorold Fm

Depth: 437.70 m / 1436.02 ft
T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

White to grey fine to medium grade
sandstone with thin dark grey to green mud
laminae/microbial laminae, shell
fragments/packstone present

2

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

Grimsby Fm

1394.36 ft
425 m

Devils Hole Fm

Power Glen Fm

Whirlpool Fm

Whirlpool Formation sandstone

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
grains

Whirlpool Formation sandstone
Depth 439.90 m / 1443.24 ft
White to tan fine to medium grade
sandstone with thin dark grey to green mud
laminae/microbial laminae

PG: Dark grey fissile shale
with interbeds of grey to tan
very fine to fine grade
sandstone/siltstone

1
2

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

3
4
Queenston Fm

3

Q: red/maroon fissile shale
1476.38 ft
450 m

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Whirlpool Formation sandstone
Depth: 441.34 m / 1447.96 ft

4

White to tan very fine to fine grade
sandstone, parallel to low angle bedding,
sharp contact with red/maroon sandstone
above fine grade sandstone, thin bed of
shale with subrounded mud intraclasts

Core Information: Core ranges from Queenston to Power Glen Formation, cuttings cover uncored interval of 390
- 432 m / 1279.53 - 1417.32 ft and chip samples of cored interval to TD. Depths in descriptions are based on
depths recorded in core, not geophysical log depths. No discrepancy between recorded core depths and gamma
ray/neutron log depths. Core photos are photographed wet and are oriented in their way-up direction and
displayed in 4 inch increments.
Keywords: Fissile shale, mud laminae, mud rip up clasts, blotchy staining, fining upward
sequences, coarsening upward sequences, massive sandstone, parallel bedding, microbial
laminae, small phosphatic grains, bioturbation

Whirlpool Formation sandstone
Depth: 441.70 m / 1449.14 ft
White/tan/maroon fine to medium grade
sandstone with green and maroon
subangular rip up clast in matrix, some
cross bedding visible, coarsening upwards

Appendix A: 16 Lithostratigraphy log and geophysical log for T008155, core 1040, priority well

Geophysical Log

Key Core Photos

Core Log
1

Pembina, Lake Erie 24-V-1
T007738- Core 1012
Gamma Ray API Units
0

200

Density Porosity
30

-15

Log Depth

Core Log

984.25 ft
300 m

Lithologic Description
Clinton Group Formations,
not described
T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

Thorold Fm

Whirlpool Formation sandstone and shale
Depth: 345.88 m / 1134.77 ft
White/grey/tan fine to medium grade
sandstone with thick dark grey/green
bioturbation, dark grey/grey silt/shale at
base

G: Red, green/grey/white
2
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

Grimsby Fm
1066.27 ft
325 m

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
grains

Devils Hole Fm

PG: Dark grey fissile shale
with interbeds of grey to tan
very fine to fine grade
sandstone/siltstone

Power Glen Fm

1
2
Whirlpool Fm

Queenston Fm

W: white to grey fine to
medium grade sandstone
3
with interbedded fissile
shale

3
4

Whirlpool Formation sadnstone

1148.29 ft
350 m

Depth 348.43 m / 1143.14 ft
White/grey/tan alternating very fine to
medium grade sandstone with thick dark
grey/green mud laminae, small phosphatic
medium grade grains, red staining

Q: red/maroon fissile shale

1181.10 ft
360 m

Legend
Shell beds

Cuttings available

Whirlpool Formation sandstone

Phosphate lags

Core and/or cuttings
available, not logged

Depth: 348.43 m / 1143.14 ft

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

White/grey/tan/red alternating very fine to
medium grade sandstone with thick dark
grey/green mud rip up clasts, small
phosphatic medium grade grains

4

Core Information: Core ranges from Queenston to Power Glen Formation, cuttings cover 300 m - TD / 984.25 ft TD. Depths in descriptions are based on depths recorded in core, not geophysical log depths. Discrepancy of
2 m (deep) between recorded core depths and gamma ray/neutron log depths. Core photos are photographed
wet and are oriented in their way-up direction and displayed in 4 inch increments.
Keywords: Fissile shale, large sand lenses, mud laminae, hematitic sandstone, bioturbation and burrowing,
mud rip up clasts, blotchy staining, fining upward sequences, coarsening upward sequences
Whirlpool Formation sandstone
Depth: 349.25 m / 1145.83 ft
White/grey/tan alternating very fine to
medium grade sandstone with thin dark
grey/green mud laminae/microbial laminae,
small phosphatic medium grade grains

Appendix A: 17 Lithostratigraphy log and geophysical log for T007738, core 1012, priority well

Core Log

Geophysical Log

Key Core Photos

Pembina East, Lake Erie 26-S-1B
T008269 - Core 1039
Gamma Ray API Units
0

200

30
30

Neutron Porosity
Density Porosity

-15
-15

Log Depth

Core Log

Lithologic Description

967.85 ft
295 m

984.25 ft
300 m

Clinton Group Formations,
not described

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

Thorold Fm

Whirlpool Formation sandstone
Depth: 336.80 m / 1104.99 ft

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

Grimsby Fm

1066.27 ft
325 m

Devils Hole Fm

Power Glen Fm
Whirlpool Fm

1

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
grains

White to tan fine sand grade sandstone with
fossil fragments (bivalves?) and small thin
rip up clasts

2

PG: Dark grey fissile shale
with interbeds of grey to tan
very fine to fine grade
sandstone/siltstone

1
2

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

3
Queenston Fm

Whirlpool Formation sandstone
Depth 337.00 m / 1105.64 ft

Q: red/maroon fissile shale

Light grey fine grade sandstone,
mottled/deformed with dark grey mud
laminae, sharp contact with white to tan fine
grade sandstone with bivalve shells

1148.29 ft
350 m

3

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available
Whirlpool Formation contact with Queenston
Formation

Core Information: Core ranges from Queenston to Power Glen Formation, cuttings cover uncored interval of 295
m / 967.85 ft to TD. Depths in descriptions are based on depths recorded in core, not geophysical log depths.
Discrepancy of 1.2 m (deep) between recorded core depths and gamma ray/neutron log depths. Core photos are
photographed wet and are oriented in their way-up direction and displayed in 4 inch increments.

Depth: 339.19 m / 1112.83 ft
White/grey fine to medium grade sandstone
with large deformed dark grey/green mud rip
up clast, small phosphatic grains, slight pink
staining in sandstone

Keywords: Fissile shale, mud laminae, mud rip up clasts, soft sediment deformation, mud laminae, microbial
laminae, massive sandstone, coarsening upward sequence, fining upward sequence, low angle bedding,
parallel bedding, fossil fragments, phosphatized grains, glauconite grains

Appendix A: 18 Lithostratigraphy log and geophysical log for T008269, core 1040, priority well

Geophysical Log

Core Log

Key Core Photos

Anschutz #3, Lake Erie 162-G-3
T004792 - Core 695
Gamma Ray API Units
0

200

Bulk Density (g/cc)
2.25

3.00

Log Depth

Core Log

Lithologic Description

1

1850 ft
563.88 m

Clinton Group Formations,
not described
T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

Thorold Fm

Grimsby Fm

1900 ft
579.12 m

1
2

Devils Hole Fm

1950 ft
594.36 m

Cabot Head Fm

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration
CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone

Grimsby Formation shell bed
Depth 582.98 m / 1912.66 ft
White/maroon/grey very fine to fine grade
sandstone wtih fossiliferous material such
as bryozoans and bivalves, small rounded
phosphatic grains present

2

M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

Manitoulin Fm
Whirlpool Fm

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

2000 ft
609.60 m

Queenston Fm
2020 ft
615.70 m

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale
Q: red/maroon fissile shale

Grimsby Formation shell bed
Depth: 589.68 m / 1934.64 ft
Deep red/maroon fine to very fine grade
cemeneted packstone with fossiliferous
material (bryozoans and bivalves)

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Cabot Head to Grimsby Formation, cuttings cover 563.88 m - TD / 1850 ft TD and cored interval. Depths in descriptions are based on depths recorded in core, not geophysical log depths.
Discrepancy of 0.5 m (deep) between recorded core depths and gamma ray/neutron log depths. Core photos are
photographed wet and are oriented in their way-up direction and displayed in 5 cm increments.
Keywords: Fissile shale, fining upward sequences, soft sediment deformation, low angle erosional surfaces,
burrows, bioturbation, fossiliferous beds, bryozoans, bivalves, low angle bedding, maroon staining

Appendix A: 19 Lithostratigraphy log and geophysical log for T004792, core 695, primary well

Geophysical Log

Core Log

Key Core Photos

Consumers’ Pan Am 13018, Lake Erie 183-N-4
T002615 - Core 802
Gamma Ray API Units
0

200

Neutron Porosity
250

1000

Log Depth

Core Log

Lithologic Description

1830 ft
557.78 m

1850 ft
563.88 m

Thorold Fm 1

Grimsby Fm
Devils Hole Fm

2
3
1900 ft
563.88 m

Cabot Head Fm

1950 ft
594.36 m

1

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey/red shale
partings
G: Red, grey/white fine to
medium grade sandstone
interbedded with silt and
shale partings, parallel and
low angle bedding, blotchy
staining, bioturbation and
burrows present in lower
portion of formation
DH: White to grey very fine
to fine grade silt/shale and
massive sandstone,
subrounded phosphatic
grains and fossiliferous
material, soft sediment
deformation, mud lamiane,
heavily bioturbated and
burrowed

Potential Densmore Creek phosphatic lag,
contact with Thorold Formation
Depth 566.23 m / 1857.70 ft

2

Dark grey/green silty sandstone with very
small phosphatic grains on a low angle
erosional surface, some red/green staining
into white/fine grade sandstone below

Manitoulin Fm
Whirlpool Fm

Devils Hole Formation sandstone with
phosphate grains and fossil fragments

Queenston Fm

Depth: 574.90 m / 1886.15 ft

2000 ft
609.60 m

White to tan massive fine grade sandstone
with small phosphate pebbles and fossil
fragments (bivalve shells/brachipods)

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Cabot Head to Clinton Group, cuttings cover cored interval to TD of 612.65
m / 2010 ft. Poor recovery of core between depths 571.44 m - 572.57 m / 1874.80 - 1878.51 ft. Depths in descriptions are based on depths recorded in core, not geophysical log depths. Discrepancy of 0.3 m (deep) between
recorded core depths and gamma ray/neutron depths. Core photos are photographed wet and are oriented in their
way-up direction and displayed in 5 cm increments.
Keywords: Soft sediment deformation, burrowing, bioturbation, phosphate lag, fining upward sequence,
coarsening upward sequence, phosphate grains, parallel bedding, low angle bedding, blotchy staining, mud rip up
clasts, disconformity

3

Devils Hole Formation sandstone with
phosphate lag
Depth: 575.71 m / 1888.81 ft
Dark grey silt/shale with fine to very fine
grade white/tan sandstone with phosphate
pebbles and fossil fragments, thin mud
laminae draped over the phosphatic grains
and interbeded within the sandstone

Appendix A: 20 Lithostratigraphy log and geophysical log for T002615, core 802, secondary well

Geophysical Log

Core Log

Key Core Photos

Consumers’ Pan Am 13035, Lake Erie 101-K-3
T002564 - Core 834
Gamma Ray API Units
0

200

Neutron c.u.
250

1050

Log Depth

Core Log

Lithologic Description

1550 ft
472.44 m

1

Clinton Group Formations,
not described

1
2 1600 ft

487.68 m

Thorold Fm

Thorold Formation sandstone with
phosphate

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

Grimsby Fm
3
Devils Hole Fm

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

1650 ft
502.92 m

Cabot Head Fm

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration

Depth: 489.20 m / 1604.98 ft

2

White to tan fine grade sandstone with thin
dark grey mud laminae with subrounded to
subangular phosphatic grains within
sandstone matrix

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone
1700 ft
518.16 m

Manitoulin Fm
Whirlpool Fm

M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

Grimsby Formation sandstone
Depth 493.93 m / 1620.50 ft

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Queenston Fm

1750 ft
533.40 m

Q: red/maroon fissile shale

White to tan/dark grey very fine to fine grade
sandstone/siltstone with fossiliferous
material within matrix, horizontally burrowed

3

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Grimsby Formation shell bed

Original geophysical picks (Form 7)

No core or cuttings available

Depth: 498.30 m / 1634.84 ft
Red/maroon fine grade fossiliferous fine
grade sandstone/packstone

Core Information: Core ranges from Grimsby to Clinton Group, cuttings cover 472.44 m / 1550 ft to TD. No core
or cuttings available for interval 500.85 m / 1645 ft - 501.40 m / 1645 ft. Depths in descriptions are based on
depths recorded in core, not geophysical log depths. Discrepancy of 2 m (deep) between recorded core depths
and gamma ray/neutron log depths. Core photos are photographed wet and are oriented in their way-up direction
and displayed in 5 cm increments.
Keywords: Fissile shale, soft sediment deformation, low angle erosional surfaces, shell beds, fossiliferous
material, bryozoan, bivalves, burrows, bioturbation, coarsening upward sequences, red staining, massive
sandstone, parallel bedding, phosphatic lags

Appendix A: 21 Lithostratigraphy log and geophysical log for T002564, core 834, secondary well

Geophysical Log

Key Core Photos

Core Log

Consumers’ 13138, Lake Erie 158-HT003274 - Core 440/977
Gamma Ray API Units
0

200

Neutron c.u.
300

1100

Log Depth

Core Log

Lithologic Description

1

1720 ft
524.25 m

Clinton Group Formations,
not described
Thorold Fm

1750 ft
533.40 m

Grimsby Fm

1
Devils Hole Fm

2
1800 ft
548.64 m

Cabot Head Fm

1800 ft
548.64 m

Manitoulin Fm

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing
G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining
DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration

Queenston Fm

Depth 532.48 m / 1747 ft
White to tan fine grade massive sandstone
with small dark grey mud clasts

2

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone
M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds
W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Whirlpool Fm

Thorold Formation sandstone

Q: red/maroon fissile shale
1900 ft
579.12 m

Grimsby Formation mud clasts
Depth: 589.68 m / 1934.64 ft
Deep red/maroon fine to very fine grade
sandstone with large subangular elongated
mud clasts

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Devils Hole to Clinton Group, cuttings cover 545.59 m - TD / 1790 ft - TD .
Depths in descriptions are based on depths recorded in core, not geophysical log depths. Discrepancy of 1 m
(deep) between recorded core depths and gamma ray/neutron log depths. Core photos are photographed wet and
are oriented in their way-up direction and displayed in 5 cm increments.
Keywords: Fissile shale, burrowing, bioturbation, fossiliferous material, phosphate grains, mud rip up clasts,
blotchy staining, fining upward sequences, coarsening upward sequences, liesegang banding, massive
sandstone, unconformity

Appendix A: 22 Lithostratigraphy log and geophysical log for T003724, core 440/977, secondary well

Geophysical Log

Core Log

Key Core Photos

Pembina Central, Lake Erie 184-I-2
T008522 - Core 1062
Bulk Density g/cc

Gamma Ray API Units
0

200

2.25

3.00

Log Depth

Core Log

Lithologic Description

1

1804.46 ft
550 m

Clinton Group Formations,
not described

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

Thorold Fm

1
2
Grimsby Fm
1886.48 ft
575 m

Thorold Formation burrows
Depth 563.95 m / 1912.66 ft

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

White/grey to tan very fine to fine grade
cemented sandstone, horizontal and vertical
burrowing, “corkscrew” pattern visible on
horizontal burrow in upper left corner

2
DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration

Devils Hole Fm

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone

Cabot Head Fm

Devils Hole phosphate bed

1968.50 ft
600 m

Manitoulin Fm

M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds
W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Whirlpool Fm
Queenston Fm
2001.31 ft
610 m

Depth: 576.25 m / 1890.58 ft
White to grey very fine to fine grade
sandstone, subrounded to rounded
phosphatized grains and coated grains

Q: red/maroon fissile shale

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Devils Hole to Clinton Group, cuttings cover 547.00 m - TD / 1794.62 ft - TD.
Depths in descriptions are based on depths recorded in core, not geophysical log depths. Discrepancy of 1 m
(deep) between recorded core depths and gamma ray/neutron log depths. Core photos are photographed wet and
are oriented in their way-up direction and displayed in 5 cm increments.
Keywords: Fissile shale, sand lenses, burrowing, bioturbation, fossiliferous material, phosphate grains,
dewatering structures, blotchy staining, fining upward sequences, coarsening upward sequences, massive
sandstone, low angle bedding, unconformity

Appendix A: 23 Lithostratigraphy log and geophysical log for T008522, core 1062, secondary well

Geophysical Log

Key Core Photos

Core Log

Consumers’ Pan Am 13023, Lake Erie 156-C-1
T002418 - Core 836
Gamma Ray API Units
0

200

Log Depth

Core Log

1690 ft
515.11 m
1700 ft
518.16 m

Thorold Fm

Grimsby Fm

1

2

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining
DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
grains

Devils Hole Fm

1800 ft
548.64 m

1

Clinton Group Formations,
not described
T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

1750 ft
533.40 m

Cabot Head Fm

Lithologic Description

Grimsby and Throld Formation contact
Depth: 524.00 m / 1719.16 ft

2

Red to maroon fine grade silt/fine grade
sandstone with dark maroon mud rip up
clasts, sharp contact with white to tan/green
fine grade sandstone and small mud rip up
clasts

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone
M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

Manitoulin Fm
Whirlpool Fm

Queenston Fm

1850 ft
563.88 m
1860 ft
566.93 m

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale
Q: red/maroon fissile shale

Grimsby Formation sandstone
Depth 530.10 m / 1739.17 ft
Red/green to maroon fine grade silty
sandstone, horizontal burrowing and
cementation

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Grimsby Formation to Clinton Group, cuttings available from 532.79 m /
1748 ft to TD. Depths in descriptions are based on depths recorded in core, not geophysical log depths. No
discrepancy between record-ed core depths and gamma ray/neutron log depths. Core photos are photographed
wet and are oriented in their way-up direction and displayed in 5 cm increments.
Keywords: Fissile shale, bioturbation, burrowing, massive sandstone, sand lenses, fining upward
sequences, mud rip up clasts, low angle bedding, parallel bedding, blotchy staining, liesegang banding, mud
laminae

Appendix A: 24 Lithostratigraphy log and geophysical log for T002418, core 836, secondary well

Geophysical Log

Key Core Photos

Core Log

Consumers’ 13291, Lake Erie 155-J-3
T003829 - Core 386
Gamma Ray API Units
0

200

Neutron Porosity
900

3300

Log Depth

Core Log

Lithologic Description

1

1700 ft
518.16 m

Clinton Group Formations,
not described

Thorold Fm

Grimsby Fm

1

1750 ft
533.40 m

1650 ft
502.92 m

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey/red shale
partings, heavily
bioturbated and burrowed
at contact
G: Red, grey/white fine to
medium grade sandstone
interbedded with silt and
shale partings, parallel and
low angle bedding, blotchy
staining

Potential Densmore Creek Phosphate Bed,
contact with Thorold Formation
Depth: 529.13 m / 1736 ft
Grey/green to tan very fine to fine grade
burrowed and bioturbated sandstone, planar
contact with dark brown/tan very fine to fine
grade sandstone wtih mud laminations and
rounded phosphate grains

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Grimsby to Clinton Group, cuttings available from 518.16 m / 1700 ft to top of
core. Depths in descriptions are based on depths recorded in core, not geophysical log depths. Discrepancy of 2
ft (deep) between recorded core depths and gamma ray/neutron log depths. Core photos are photographed
wet and are oriented in their way-up direction and displayed in 5 cm increments.
Keywords: Massive sandstone, parallel bedding, low angle bedding, blotchy staining, mud rip up clasts,
burrowing, bioturbation, cementation, unconformity

Appendix A: 25 Lithostratigraphy log and geophysical log for T003829, core 386, secondary well

Geophysical Log

Key Core Photos

Core Log

Consumers 13153, Lake Erie 122-J-3
T003414 - Core 273
Gamma Ray API Units
0

200

Neutron Porosity
250

1000

Log Depth

Core Log

Lithologic Description

1

1550 ft
472.44 m

Clinton Group Formations,
not described

Thorold Fm

1600 ft
487.68 m

Grimsby Fm
Devils Hole Fm
1650 ft
502.92 m

1

Cabot Head Fm

2

1700 ft
518.16 m

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey/red shale
partings

DH: White to grey very fine
to fine grade silt/shale and
massive sandstone,
subrounded phosphatic
grains and fossiliferous
material, soft sediment
deformation, mud lamiane,
heavily bioturbated and
burrowed
CH: Dark grey fissile shale
with thin interbeds of white
to tan very fine to fine
grade sandstone
M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

Manitoulin Fm
Whirlpool Fm

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Queenston Fm

1750 ft
533.40 m
1754 ft
534.62 m

Thorold Formation with bioturbation

G: Red, grey/white fine to
medium grade sandstone
interbedded with silt and
shale partings, parallel and
low angle bedding, blotchy
staining, bioturbation and
burrows present in lower
portion of formation

Depth 485.14 m / 1591.67 ft
White/green fine grade sandstone and
siltstone with burrows, bioturbation, and
cementation

2

Grimsby Formation sandstone
Depth: 491.10 m / 1611.22 ft
Red/maroon fine to very fine grade
sandstone with low angle bedding, blotchy
staining

Q: red/maroon fissile shale

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Cabot Head to Thorold, cuttings cover cored interval and uncored interval of
501.40 m / 1645 ft to TD. Depths in descriptions are based on depths recorded in core, not geophysical log
depths. No discrepancies between recorded core depths and gamma ray/neutron log depths. Core photos are
photographed wet and are oriented in their way-up direction and displayed in 5 cm increments.
Keywords: Fissile shale, burrowing, coarsening upward sequence, fining upward sequence, phosphate grains,
parallel bedding, low angle bedding, liesegang banding, blotchy staining, mud rip up clasts, cross bedding,
bioturbation, cementation, unconformity

Appendix A: 26 Lithostratigraphy log and geophysical log for T003414, core 273, secondary well

Geophysical Log

Core Log

Key Core Photos

Consumers’ 13148, Lake Erie 96-V-1
T003409 - Core 341
Gamma Ray API Units
0

200

Neutron API Units
300

1050

Log Depth

Core Log

Lithologic Description

1

1500 ft
457.20 m

Clinton Group Formations,
not described
Thorold Fm

Grimsby Fm

2 Devils Hole Fm

1

1550 ft
472.44 m

Balls Falls Mb

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey/red shale
partings, cross and parallel
bedding
G: Red, grey/white fine to
medium grade sandstone
interbedded with silt and
shale partings, parallel and
low angle bedding, blotchy
staining
DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration

Cabot Head Fm

1600 ft
487.68 m

Grimsby Formation contact with Balls Falls
Member
Depth 474.57 m / 1557 ft

2

White to tan fine grade sandstone contact
with deep maroon/brown very fine to fine
grade sandstone and siltstone, subrounded
phosphatic grains and cementation

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone
M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

Manitoulin Fm
Whirlpool Fm

1650 ft
502.92 m

Queenston Fm

W: White to grey fine to
medium grade sandstone
with interbedded fissile
shale
Q: red/maroon fissile shale

1680 ft
512.06 m

Balls Falls Member hematitic sandstone
Depth: 474.77 m / 1557.64 ft
Deep red/maroon fine to very fine grade
cemeneted hematized sandstone and
subrounded to subangular clasts and
phosphatic grains

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Cabot Head to Grimsby, cuttings cover end of cored interval and uncored
interval of 480.67 m / 1577 ft to TD. Depths in descriptions are based on depths recorded in core, not geophysical
log depths. Discrepancy of 0.6 m (deep) between recorded core depths and gamma ray/neutron log depths. Core
photos are photographed wet and are oriented in their way-up direction and displayed in 5 cm increments.
Keywords: Fissile shale, sand lenses, low angle erosional surfaces, parallel bedding, large mud rip up clasts,
coarsening upward sequence, fining upward sequence, soft sediment deformation, mud laminae, low angle
bedding, blotchy staining, burrowing, bioturbation

Appendix A: 27 Lithostratigraphy log and geophysical log for T0409, core 341, secondary well

Geophysical Log

Key Core Photos

Core Log

Consumers’ 13809, Lake Erie 123-T-1
T003217 - Core 306
Gamma Ray API Units
0

200

Neutron API Units
450

2400

Log Depth

Core Log

Lithologic Description

1580 ft
481.58 m

1600 ft
487.68 m

Thorold Fm

Clinton Group Formations,
not described

1

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey/red shale
partings, cross and parallel
bedding

2
3
Devils Hole Fm

G: Red, grey/white fine to
medium grade sandstone
interbedded with silt and
shale partings, parallel and
low angle bedding, blotchy
staining, liesegang banding

Grimsby Fm

1650 ft
502.92 m

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, heavily bedded

Cabot Head Fm
1700 ft
518.16 m

Grimsby sandstone with liesegang banding
Depth 492.91 m / 1617.15 ft
Red/maroon massive fine grade sandstone
with dark brown rounded liesegang banding

2

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone

M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

Manitoulin Fm
Whirlpool Fm
Queenston Fm

1

1750 ft
533.40 m

Basal Grimsby Formation Phosphate Lag
Depth: 499.60 m / 1639.11 ft

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale
Q: red/maroon fissile shale

1782 ft
543.15 m

3

White to tan massive fine grade sandstone
with small phosphate pebbles and dark
grey/green mud clasts, small fossiliferous
material (bivalve and brachiopods) on a dark
maroon/red shale surface

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Devils Hole Formation sandstone with dish
structures

Original geophysical picks (Form 7)

No core or cuttings available

Depth: 500.80 m / 1643.04 ft

Core Information: Core ranges from Cabot Head to Clinton Group, cuttings cover cored interval and uncored
interval of 484.63 m / 1590 ft to TD. Depths in descriptions are based on depths recorded in core, not geophysical
log depths. Discrepancy of 0.3 m (shallow) between recorded core depths and gamma ray/neutron log depths.
Core photos are photographed wet and are oriented in their way-up direction and displayed in 5 cm increments.

White to tan fine grade sandstone with dark
red/maroon dish structures and red/maroon
staining dissipating to the right

Keywords: Fissile shale, burrowing, fossiliferous/shell bed, coarsening upward sequence, fining upward
sequence, dish structures, phosphate grains, parallel bedding, mud rip up clasts, mud laminae, low angle
bedding, blotchy staining, liesegang banding, cross lamination, bioturbation

Appendix A: 28 Lithostratigraphy log and geophysical log for T003217, core 306, secondary well

Geophysical Log

Core Log

Key Core Photos

Telesis 13922, Lake Erie 95-H-4
T007602 - Core 1011
Gamma Ray API Units
0

200

Neutron Porosity
30,000

0

Log Depth

Core Log

Lithologic Description

1345.14 ft
410 m

1

Clinton Group Formations,
not described

Thorold Fm

Grimsby Fm

1394.36 ft
425 m

1
2

3

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
grains

Devils Hole Fm

Cabot Head Fm

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing
G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

1476.48 ft
450 m

Thorold Formation burrows
Depth 428.50 m / 1405.84 ft
Dark grey to white/grey silt to very fine
grade sandstone heavily burrowed and
cemented

2

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone

M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

Manitoulin Fm

Basal Grimsby Formation clast lag
Depth: 433.50 m / 1422.24 ft
Red/maroon to white massive fine grade
sandstone with irregular/blotchy staining

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Whirlpool Fm

Queenston Fm

Q: red/maroon fissile shale

3

1558.40 ft
475 m

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Cabot Head to Clinton Group, cuttings cover end of cored interval and
uncored interval of 440 m / 1443.57 ft to TD. Depths in descriptions are based on depths recorded in core, not
geophysical log depths. Discrepancy of 0.2 m (deep) between recorded core depths and gamma ray/neutron log
depths. Core photos are photographed wet and are oriented in their way-up direction and displayed in 5 cm
increments.

Devils Hole Formation soft sediment
deformation
Depth: 437.10 m / 1434.05 ft
White to tan fine grade sandstone with
deformed subrounded small phosphatic
grains and fossiliferous material, overturned
and contrasted with grey/green silt to very
fine grade sandstone, bioturbated and
burrowed

Keywords: Fissile shale, sand lenses, bioturbation and burrowing, phosphatic grains, soft sediment deformation,
dewatering structures, parallel bedding, large mud rip up clasts, coarsening upward sequence, fining upward
sequence, massive sandstone, liesegang banding, mud laminae, low angle bedding, blotchy staining

Appendix A: 29 Lithostratigraphy log and geophysical log for T007602, core 1011, secondary well

Geophysical Log

Core Log

Key Core Photos

Consumers’ 13170, Lake Erie 94-M-3
T003439 - Core 438
Gamma Ray API Units
0

200

Neutron c.u.
250

1050

Log Depth

Core Log

Lithologic Description

1400 ft
426.72 m

1

Clinton Group Formations,
not described

1
Thorold Fm 2 1450 ft

441.96 m

3
1500 ft
457.20 m

Depth: 440.13 m / 1443.99 ft

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration

White to grey fine grade sandstone,
glauconite, very small phosphatic grains
within sandstone matrix

2

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone

Cabot Head Fm
1550 ft
472.44 m

M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

Thorold Formation burrows
Depth: 442.62 m / 1452.16 ft

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Manitoulin Fm
Whirlpool Fm
Queenston Fm

Thorold Formation boundary

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

Grimsby Fm

Devils Hole Fm

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

Q: red/maroon fissile shale
1600 ft
487.68 m

White to tan very fine to fine grade
sandstone/ siltstone with large vertical
burrows, dark grey silt and shale at contact

3

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Artpark Phosphate Lag

Original geophysical picks (Form 7)

No core or cuttings available

Depth: 453.95 m / 1489.33 ft

Core Information: Core ranges from Devils Hole to Clinton Group, cuttings cover 460.25 - TD / 1510 ft - TD.
Depths in descriptions are based on depths recorded in core, not geophysical log depths. Discrepancy of 2 m
between recorded core depths and gamma ray/neutron log depths (deep). Core photos are photographed wet and
are oriented in their way-up direction and displayed in 5 cm increments.

White to tan/maroon fine to medium grade
cemented sandstone, subrounded
phosphatic grains, phosphatized
fossiliferous material (brachiopods)

Keywords: Fissile shale, large sand lenses, mud laminae, hematitic sandstone, phosphate lag, fossiliferous
material, mud rip up clasts, blotchy staining, fining upward sequences, coarsening upward sequences,
liesegang rings, massive sandstone, bioturbation, glauconite, unconformity

Appendix A: 30 Lithostratigraphy log and geophysical log for T003439, core 439, secondary well

Geophysical Log

Core Log
1

Pembina #4, Lake Erie 62-T-4
T006794 - Core 914
Gamma Ray API Units
0

200

Key Core Photos

Neutron Porosity
3000

-1500

Log Depth

Core Log

Lithologic Description

1230.31 ft
375 m

Clinton Group Formations,
not described

Thorold Formation burrows
Depth: 389.60 m / 1278.21 ft

Thorold Fm

1
Grimsby Fm

3
4 1312.34 ft

Devils Hole Fm

Balls Falls Mb

400 m

2

White/grey to green very fine to fine grade
sandstone and silt, heavily burrowed and
cemented

2

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
grains

Cabot Head Fm

Manitoulin Fm
Whirlpool Fm

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing
G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

1394.96 ft
425 m

Queenston Fm

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone

Basal Grimsby Formation lag deposit

M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

White/red/maroon very fine to fine grade
sandstone wtih large red/maroon/green
subrounded to subangular cemented clasts
and phosphatic grains, grainstone above

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Depth 400.30 m / 1313.32 ft

3

Q: red/maroon fissile shale
1427.17 ft
435 m

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Devils Hole Formation sandstone
Depth: 402.64 m / 1321 ft
White/tan very fine to fine grade massive
sandstone, very small phosphatic grains and
small fossiliferous material

4
Core Information: Core ranges from Cabot Head Formation to Thorold Formation, cuttings cover cored interval
and uncored interval of 407 m / 1335.3 ft to TD. Depths in descriptions are based on depths recorded in core, not
geophysical log depths. Discrepancy of 0.6 m (deep) between recorded core depths and gamma ray/neutron log
depths. Core photos are photographed wet and are oriented in their way-up direction and displayed in 5 cm
increments.
Keywords: Fissile shale, sand lenses, high angle erosional surfaces, large rip up clasts, phosphatic grains,
massive sandstone, mud laminae, coarsening upward sequence, fining upward sequence, low angle bedding,
blotchy staining, liesegang banding, burrowing, bioturbation

Balls Falls Member hematitic dolostone
Depth: 403.94 m / 1325.26 ft
White/maroon very fine to fine grade
hematitic dolostone, maroon subangular rip
up clasts (note light brown dust from core
photo)

Appendix A: 31 Lithostratigraphy log and geophysical log for T006794, core 914, secondary well

Geophysical Log

Core Log

Key Core Photos

Anschutz, Lake Erie 89-D-3
T003834 - Core 106
Neutron c.u

Gamma Ray API Units
0

200

750

3300

Log Depth

Core Log

Lithologic Description

1

1330 ft
405.38 m

1350 ft
411.48 m

Thorold Fm

Grimsby Fm
1

1400 ft
426.72 m

2

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing
G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining
DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
grains

Devils Hole Fm

1450 ft
441.96 m

Cabot Head Fm

1500 ft
457.20 m

Queenston Fm

Grimsby Formation
Depth 426.72 m / 1400 ft
White to tan/maroon fine grade sandstone
with green/maroon silt/shale, mud rip up
clasts and soft sediment deformation

2

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone

M: Dark grey/tan dolomite
with fine grade dolomitic
sandstone and shale
interbeds

Manitoulin Fm
Whirlpool Fm

Clinton Group Formations,
not described

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Devils Hole Formation phosphatic zone
Depth: 430.68 m / 1413 ft
Deep red/maroon fine to very fine grade
cemeneted hematized sandstone and
subrounded to subangular clasts and
phosphatic grains, soft sediment
deformation

Q: red/maroon fissile shale
1540 ft
469.39 m

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Whirlpool to to Cabot Head, Devils Hole to Clinton Group, cuttings cover
cored, non-cored, and missing intervals. Missing intervals range from 8 to 11 inches within cored interval.
Depths in descrip-tions are based on depths recorded in core, not geophysical log depths. Discrepancy of 0.5 feet
between recorded core depths and gamma ray/neutron log depths (deep). Core photos are photographed wet
and are oriented in their way-up direction and displayed in 5 cm increments.
Keywords: Massive sandstone, parallel bedding, dolomite, fissile shale, sand lenses, bioturbation and burrowing,
mud rip up clasts,soft sediment deformation, coarsening upward sequence, fining upward sequence, liesegang
banding, mud laminae, low angle bedding, blotchy staining, unconformity

Appendix A: 32 Lithostratigraphy log and geophysical log for T003834, core 106, secondary well

Geophysical Log

Core Log

Key Core Photos

M&M Lake Erie #750-56, Lake Erie 44-S-1
T001436 - Core 831
Gamma Ray API Units
0

200

Log Depth

Core Log

Lithologic Description

1

1000 ft
304.80 m

Clinton Group Formations,
not described

1050 ft
320.04 m

Thorold Fm

Grimsby Fm
1100 ft
335.28 m

Devils Hole Fm
Cabot Head Fm

1

2
1140 ft
347.47 m

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing
G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining
DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
grains

Artpark Phosphate Zone
Depth 338.63 m / 1111 ft

2

White to tan very fine to fine grade
sandstone with small subangular to
subrounded phosphatic grains, bioturbation
and colour change to deep/red maroon
shale above

CH: Dark grey fissile shale
with interbeds of white to
tan very fine to fine grade
sandstone
Devils Hole Formation sandstone
Depth: 346.56 m / 1137.00 ft

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

White to tan very fine to fine grade
sandstone with dark grey dish structures

Core Information: Core ranges from Cabot Head Formation to Clinton Group, cuttings cover cored interval to TD.
Poor recovery of core between depths 1060 - 1100 ft / 323.09 - 335.28. Depths in descriptions are based on
depths recorded in core, not geophysical log depths. No discrepancy between recorded core depths and gamma
ray/neutron log depths. Core photos are photographed wet and are oriented in their way-up direction and
displayed in 5 cm increments.
Keywords: Fissile shale, bioturbation, burrowing, sand lenses, fining upward sequences, mud rip up clasts,
high angle erosional surfaces, dish structures, phosphate lag, packstone beds, grainstone beds, low angle
bedding, blotchy staining, unconformity

Appendix A: 33 Lithostratigraphy log and geophysical log for T001436, core 831, secondary well

Geophysical Log

Core Log

Key Core Photos

Pembina #3, Lake Erie 41-P-3
T005864 - Core 773
Gamma Ray API Units
0

200

Neutron Porosity
45

0

Log Depth

Core Log

Lithologic Description

1

1017.06 ft
310 m

Clinton Group Formations,
not described

1066.27 ft
325 m

Thorold Fm 1

2

Grimsby Fm

Devils Hole Fm

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing
G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

Thorold Formation sandstone
Depth 328.40 m / 1077.42 ft
White/tan/green very fine to fine grade
sandstone/siltstone with long vertical
burrows, red/maroon irregular staining
covering burrows above

2

1148.29 ft
350 m

Cabot Head Fm
Grimsby Formation sandstone
Depth: 332.70 m / 1091.53 ft
Whirlpool Fm
Queenston Fm

1213.91 ft
370 m

White to tan fine to very fine grade
sandstone with red/maroon staining and
parallel liesegang banding

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Grimsby Formation to Clinton Group, cuttings available from base of core
to TD. Depths in descriptions are based on depths recorded in core, not geophysical log depths. Discrepancy
of 0.2 m (deep) between recorded core depths and gamma ray/neutron log depths. Core photos are
photographed wet and are oriented in their way-up direction and displayed in 5 cm increments.
Keywords: Fissile shale, mud laminae, mud rip up clasts, bioturbation, burrowing, fining upward sequences,
coarsening upward sequences, hematitic sandstone, massive sandstone, blotchy staining, liesegang
banding, cross bedding, low angle bedding, phosphatic lag, unconformity

Appendix A: 34 Lithostratigraphy log and geophysical log for T005864, core 773, secondary well

Geophysical Log

Core Log
1

Pembina, Lake Erie 21-X-2
T008113 - Core 1041
Gamma Ray API Units
0

200

Key Core Photos

Neutron Porosity
45

0

Log Depth

Core Log

Lithologic Description

902.23 ft
275 m

Clinton Group Formations,
not described

Grimsby Fm
984.25 ft
300 m

Devils Hole Fm

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

Grey to tan fine grade parallel bedded
sandstone between dark brown/grey silt-fine
grade sandstone with dish structures and
thin mud laminae

2

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
grains

Power Glen Fm

Queenston Fm

Depth: 320.01 m / 1049.90 ft

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

Thorold Fm

Whirlpool Fm

Power Glen Formation sandstone and shale

1
2
3
4

Whirpool Formation burrows

PG: Dark grey fissile shale
with interbeds of grey to tan
very fine to fine grade
sandstone/siltstone

1066.27 ft
325 m

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale
Q: red/maroon fissile shale

Depth 320.75 m / 1052.33 ft
White to tan fine grade vpackstone bed
with various sized grains with a sharp
contact to dark grey/grey silt/shale and tan
horizontal burrows

3

1082.68 ft
330 m

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Queenston to Power Glen Formation, cuttings cover uncored interval of 273
- 315 m / 895.67 - 1033.46 ft and cored interval to TD. Depths in descriptions are based on depths recorded in
core, not geophysical log depths. No discrepancy between recorded core depths and gamma ray/neutron log
depths. Core photos are photographed wet and are oriented in their way-up direction and displayed in 4 inch
increments.

Whirlpool Formation sandstone
Depth: 322.00 m / 1056.43 ft
White to tan fine to medium grade
sandstone with thin dark grey mud laminae,
mud rip up clasts and small phosphatic
pebbles

4

Keywords: Fissile shale, mud laminae, mud rip up clasts, fining upward sequences, coarsening upward
sequences, massive sandstone, parallel bedding, microbial laminae, small phosphatic grains, burrowing,
bioturbation, soft sediment deformation, sand lenses, dish structures
Queenston-Whirlpool Formation contact
Depth: 322.79 m / 1059.02 ft
Grey to green shale intraclasts within a fine
to medium sand grade white/tan sandstone
matrix with small phosphate grains

Appendix A: 35 Lithostratigraphy log and geophysical log for T008113, core 1041, secondary well

Geophysical Log

Core Log
1

Pembina East, Lake Erie 39-T-2
T008286 - Core 1038
Gamma Ray API Units
0

200

Key Core Photos

Neutron Porosity
30

-15

Log Depth

Core Log

1115.49 ft
340 m

Thorold Fm

1148.29 ft
350 m

Devils Hole Fm

1230.31 ft
375 m

Power Glen Fm

Queenston Fm

Clinton Group Formations,
not described
T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing
G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

Grimsby Fm

Whirlpool Fm

Lithologic Description

Whirlpool Formation sandstone
Depth: 385.00 m / 1263.12 ft
White to tan, fine sand grade sandstone
with thin grey mud laminae, parallel
bedded

2

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
grains
PG: Dark grey fissile shale
with interbeds of grey to tan
very fine to fine grade
sandstone/siltstone

Whirlpool Formation sandstone and shale
Depth 385.90 m / 1185.86 ft

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

1
2
3
4

Q: red/maroon fissile shale

White to tan, very fine to fine grade
sandstone with thin dark grey/green mud
laminae, cross bedded, horizontal and
vertical burrows visible

3

1312.34 ft
400 m

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Whirlpool Formation bioturbated
sandstone
Depth: 386.40 m / 1267.71 ft
Grey to dark grey, very fine to fine grade
sandstone, heavily bioturbated with thin
mud laminae, glauconite visible

4
Core Information: Core ranges from Queenston to Whirlpool Formation, cuttings cover uncored interval of 340 385 m / 1115.49 - 1263.12 ft and chip samples of cored interval to TD. Depths in descriptions are based on depths
recorded in core, not geophysical log depths. Discrepancy of 1.3 m (deep) between recorded core depths and
gamma ray/neutron log depths. Core photos are photographed wet and are oriented in their way-up direction and
displayed in 4 inch increments.
Keywords: Fissile shale, mud laminae, mud rip up clasts, blotchy staining, fining upward
sequences, coarsening upward sequences, massive sandstone, parallel bedding, microbial
laminae, small phosphatic grains, bioturbation, burrowing, glauconite

Whirlpool Formation sandstone with mud
clasts
Depth: 388.50 m / 1274.61 ft
White to tan fine to medium grade
sandstone with green shale/mud rip up
clast in sandstone matrix, very small
phosphatic grains, faint cross bedding and
parallel bedding visible

Appendix A: 36 Lithostratigraphy log and geophysical log for T008286, core 1038, secondary well

Geophysical Log

Core Log
1

Pembina, Lake Erie 39-Y-3
T007753 - Core 1013
Gamma Ray API Units
0

200

Key Core Photos

Neutron Porosity
45

0

Log Depth

Core Log

Lithologic Description

1230.31 ft
375 m

Clinton Group Formations,
not described

Power Glen Formation siltstone
Depth: 423.85 m / 1390.58 ft

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

Thorold Fm

Grimsby Fm
1312.34 ft
400 m

Dark grey to light grey fine grade, low angle
bedded siltstone

2

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
grains

Devils Hole Fm

Power Glen Fm

1
1394.36 ft
2 425 m
3
Whirlpool Fm
4
Queenston Fm

Whirlpool Formation bioturbated bed
Depth 425.85 m / 1397.14 ft
Grey to dark grey fine grade sandstone with
heavy bioturbation and bioclastic
sedimentation, burrowing visible

PG: Dark grey fissile shale
with interbeds of grey to tan
very fine to fine grade
sandstone/siltstone
W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

3

Q: red/maroon fissile shale
1427.17 ft
435 m

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Whirlpool Formation sandstone
Depth: 427.00 m / 1400.92 ft
White to tan fine to medium grade
sandstone with thin and irregular dark
grey/green mud laminae/microbial laminae

4

Core Information: Core ranges from Queenston to Power Glen Formation, cuttings cover uncored interval of 375
- 422 m / 1230.31 - 1384.51 ft and chip samples of cored interval to TD. Depths in descriptions are based on
depths recorded in core, not geophysical log depths. No discrepancy between recorded core depths and gamma
ray/neutron log depths. Core photos are photographed wet and are oriented in their way-up direction and
displayed in 5 cm increments.
Keywords: Fissile shale, mud laminae, mud rip up clasts, maroon staining, microbial lamination, bioturbation
and bioclastic sedimentation, fining upward sequences, parallel bedding, massive sandstone, calcite vein,
glauconite

Whirlpool Formation sandstone
Depth: 428.00 m / 1404.20 ft
White to tan fine to very fine grained
sandstone with dark grey/green mud rip up
clasts and red/maroon irregular staining

Appendix A: 37 Lithostratigraphy log and geophysical log for T008122, core 1043, secondary well

Geophysical Log

Core Log
1

Anschutz, Lake Erie 8-V-1
T003989 - Core 679
Gamma Ray API Units
0

200

Key Core Photos

Neutron Porosity
45

0

Log Depth

Core Log

Lithologic Description

790 ft
240.79 m
800 ft
243.84 m

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

Thorold Fm

1
Grimsby Fm

850 ft
259.08 m

Devils Hole Fm 2

3

Power Glen Fm

Whirlpool Fm

Queenston Fm

Clinton Group Formations,
not described

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

Grimsby Formation sandstone
Depth: 255.00 m / 836.61 ft
White/grey to red/maroon fine to medium
grade sandstone with thin dark grey/green
mud laminae, low angle bedding with
angled liesegang banding

2

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
900 ft
274.32 m

PG: Dark grey fissile shale
with interbeds of grey to tan
very fine to fine grade
sandstone/siltstone

Devils Hole Formation phosphatic bed

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

4

Depth 263.30 m / 863.84 ft
Red/maroon/green silty-shale matrix with
subrounded small to large phosphatic
grains, burrowing and bioturbation present
at fracture

Q: red/maroon fissile shale
950 ft
289.56 m

3

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Devils Hole Formation phosphatic bed
Depth: 265.35 m / 870.57 ft

Core Information: Core ranges from Queenston to Whirlpool Formation, Devils Hole to Clinton Group, missing
core intervals 885 - 920 m / 269.75 - 280.42 ft. Cuttings cover cored interval only. Depths in descriptions are
based on depths recorded in core, not geophysical log depths. Discrepancy of 0.76 m (deep) between recorded
core depths and gamma ray/neutron log depths. Core photos are photographed wet and are oriented in their
way-up direction and displayed in 5 cm increments.

Dark maroon/red hematized rounded grains
with rounded phosphatic grains, sharp
contact with grey/green/maroon mud above

4

Keywords: Fissile shale, mud laminae, mud rip up clasts, phosphate grains, glauconite beds, fining upward
sequences, coarsening upward sequences, burrowing, bioturbation, massive sandstone, liesegang
rings, parallel bedding, chert nodule

Whirlpool Formation sandstone with
glauconite
Depth: 281.02 m / 921.98 ft
White/grey fine to medium grade sandstone
with thin dark grey/green mud laminae/microbial laminae, bright green glauconite
present between mud layers

Appendix A: 38 Lithostratigraphy log and geophysical log for T008122, core 1043, secondary well

Geophysical Log

Key Core Photos

Core Log

Anschutz Welland 7-Y, Lake Erie 7-Y-1
T003814 - Core 107
Gamma Ray API Units
0

200

Neutron Porosity
600

2850

Log Depth

Core Log

Lithologic Description

1

790 ft
240.79 m
800 ft
243.84 m

T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

Thorold Fm

Grimsby Fm

850 ft
259.08 m

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining
DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate

Devils Hole Fm

1

900 ft
274.32 m

Power Glen Fm

Whirlpool Fm

Clinton Group Formations,
not described

Depth: 270.28 m / 886.5 ft
White to tan fine sand grade sandstone with
subrounded phosphate grains,
phosphatized fossiliferous material within
sandstone matrix

2

PG: Dark grey fissile shale
with interbeds of grey to tan
very fine to fine grade
sandstone/siltstone
W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

2

Q: red/maroon fissile shale

Queenston Fm
950 ft
289.56 m

Whirlpool Formation sandstone
Depth: 285.00 m / 935.04 ft
White to grey fine grade sandstone with thin
dark grey/green mud laminae/microbial
laminae, slightly burrowed/bioturbated

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations

Devils Hole phosphate lag

New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Queenston to Grimsby Formation, missing intervals range from 7 -11 inches
within cored interval. Cuttings cover interval of 240.79 - 259.08 m / 790 - 850 ft. Depths in descriptions are based
on depths recorded in core, not geophysical log depths. Discrepancy of 1 m (shallow) between recorded core
depths and gamma ray/neutron log depths. Core photos are photographed wet and are oriented in their way-up
direction and displayed in 5 cm increments.
Keywords: Fissile shale, mud laminae, mud rip up clasts, coarsening upward sequence, fining upward
sequence, burrowing, bioturbation, phosphatic lags, massive sandstone, liesegang rings, parallel bedding

Appendix A: 39 Lithostratigraphy log and geophysical log for T003414, core 107, secondary well

Geophysical Log

Core Log

Key Core Photos

Anschutz, Lake Erie 6-R-4
T003955 - Core 656
Gamma Ray API Units
0

200

Neutron Porosity
45

0

Log Depth

Core Log

Lithologic Description

790 ft
240.79 m
800 ft
243.84 m

1

Clinton Group Formations,
not described
T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

Thorold Fm

Grimsby Fm
1

850 ft
259.08 m

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining
DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration

Devils Hole Fm

900 ft
274.32 m

Power Glen Fm

Grimsby Formation sandstone
Depth: 262.40 m / 860.89 ft
Maroon/red/white fine grade sandstone with
irregular/rounded staining

2

PG: Dark grey fissile shale
with interbeds of grey to tan
very fine to fine grade
sandstone/siltstone
W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

2
Whirlpool Fm

3

Q: red/maroon fissile shale

Queenston Fm

Whirlpool Formation sandstone

950 ft
289.56 m

Depth 281.77 m / 924.44 ft
White to tan fine to medium grade
sandstone with dark grey/brown rounded
liesegang banding

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Queenston to Whirlpool Formation, Devils Hole to Clinton Group, drilled
interval of 269.13m - 281.33 m / 883 - 923 ft missing. Cuttings cover interval of 269.14 - 281.02 m / 883 - 922 ft.
Depths in descriptions are based on depths recorded in core, not geophysical log depths. Discrepancy of 2 m
between recorded core depths and gamma ray/neutron log depths (deep). Core photos are photographed wet and
are oriented in their way-up direction and displayed in 5 cm increments.
Keywords: Fissile shale, massive sandstone, liesegang rings, mud laminae, mud rip up clasts, burrowing,
bioturbation, hematitic sandstone beds, phosphatic lags, blotchy staining, parallel bedding

3

Whirlpool-Queenston Formation contact
Depth: 284.50 m / 933.40 ft
White to tan/grey fine to medium grade
sandstone with parallel bedding, reworked
fissile green silt/shale at a parallel contact

Appendix A: 40 Lithostratigraphy log and geophysical log for T003955, core 656, secondary well

Geophysical Log

Core Log

Key Core Photos

Anschutz, Lake Erie 5-X-2
T003957 - Core 677
Gamma Ray API Units
0

200

Neutron Porosity
45

0

Log Depth

Core Log

Lithologic Description

800 ft
243.84 m

1

Clinton Group Formations,
not described
T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing

Thorold Fm 1

850 ft
259.08 m

Grimsby Fm
2

Devils Hole Fm

900 ft
274.32 m

Power Glen Fm

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
grains

950 ft
289.56 m

970 ft
295.65 m

2

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Grey to green very fine to fine sand grade
sandstone/siltstone, bioturbation and
burrowing grading upwards to microbial
laminae and elongated subrounded mud rip
up clasts/

Grimsby Formation sandstone
Depth 260.95 m / 856.13 ft

Q: red/maroon fissile shale

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations

Depth: 250.10 m / 820.54 ft

PG: Dark grey fissile shale
with interbeds of grey to tan
very fine to fine grade
sandstone/siltstone

Whirlpool Fm 3

Queenston Fm

Thorold Formation sandstone

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Core Information: Core ranges from Queenston to Power Glen Formation, Grimsby to Clinton Group, cored
interval of 263.65 - 278.89 m / 864.99 - 914.99 ft, missing. Cuttings cover interval of 271.27 m - 277.37 ft / 890 910 ft. Depths in descriptions are based on depths recorded in core, not geophysical log depths. Discrepancy of
1.2 - 1.83 m (shallow) between recorded core depths and gamma ray/neutron log depths. Core photos are
photographed wet and are oriented in their way-up direction and displayed in 5 cm increments.

White/tan fine grade sandstone with irratic
red/maroon staining, thin mud laminae
present, parallel bedding planes

3

Whirlpool Formation sandstone
Depth: 282.95 m / 928.31 ft
White to tan/grey fine to medium grade
sandstone with cross bedding and parallel
bedding visible, thin mud lamiane/microbial
laminae

Keywords: Fissile shale, massive sandstone, mud laminae, mud rip up clasts, liesegang banding, burrowing,
bioturbation, parallel bedding, fining upward sequences, soft sediment deformation, blotchy staining,
phosphatic grains

Appendix A: 41 Lithostratigraphy log and geophysical log for T003957, core 677, secondary well

Geophysical Log

Core Log
1

Pembina East, Lake Erie 26-M-1A
T008266 - Core 1037
Gamma Ray API Units
0

200

Key Core Photos

Neutron Porosity
45

0

Log Depth

Core Log

Lithologic Description

902.23 ft
275 m

Clinton Group Formations,
not described
T: White to tan fine grade
massive sandstone
interbedded with thin
green/grey partings, cross
and parallel bedding,
burrowing
Thorold Fm

984.25 ft
300 m

Grimsby Fm

Devils Hole Fm

G: Red, green/grey/white
fine to medium grade
sandstone interbedded with
silt and shale partings,
parallel and low angle
bedding, blotchy staining

Whirlpool Formation sandstone
Depth: 327.05 m / 1072.99 ft
Dark grey fine to medium grade sandstone
with soft sediment deformation, white/tan
fine grade sandstone banding

2

DH: White to grey to red
very fine to fine grade
silt/shale and massive
sandstone, burrows and
biotubration, phosphate
grains
PG: Dark grey fissile shale
with interbeds of grey to tan
very fine to fine grade
sandstone/siltstone

Power Glen Fm

Whirlpool Fm
Queenston Fm

1 1066.27 ft
325 m
2
3
4

Whirlpool Formation sandstone
Depth: 327.50 m / 1074.47 ft

W: white to grey fine to
medium grade sandstone
with interbedded fissile
shale

Q: red/maroon fissile shale

White to grey fine to medium grade
sandstone with thin dark grey mud
laminae/microbial laminae, burrows and
erosional surfaces

3

1099.08 ft
335 m

Legend
Shell beds

Cuttings available

Phosphate lags

Core and/or cuttings
available, not logged

Thin section locations
New geophysical picks

Core logged

Original geophysical picks (Form 7)

No core or cuttings available

Whirlpool Formation sandstone
Depth: 327.85 m / 1075.62 ft
White to grey fine to medium grade
sandstone with thin dark grey/green mud
laminae/microbial laminae, glauconite and
cross bedding present

4
Core Information: Core ranges from Queenston to Power Glen Formation, cuttings cover uncored interval of 276
m / 905.51 ft to TD. Depths in descriptions are based on depths recorded in core, not geophysical log depths. No
discrepancy between recorded core depths and gamma ray/neutron log depths. Core photos are photographed
wet and are oriented in their way-up direction and displayed in 4 inch increments.
Keywords: Fissile shale, mud laminae, mud rip up clasts, cross bedding, burrowing, bioturbation, massive
sandstone, soft sediment deformation, fossil fragments, parallel bedding
Whirlpool Formation sandstone
Depth: 329.35 m / 1080.54 ft
White to grey fine to medium grade
sandstone with thin dark grey/green mud
laminae/microbial laminae, glauconite
grains, low angle planar bedding

Appendix A: 42 Lithostratigraphy log and geophysical log for T008266, core 1037, secondary well
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Appendix B
Appendix B: Regional cross sections A-A’ and B-B’ and map of cross sections across
the study area

Consumers’ 13755, Lake Erie 220-W-4
T003582 - Core 766
Gamma Ray API Units
0

Neutron Porosity

200

45

Consumers’ Pan Am 13035, Lake Erie 101-K-3
T002564 - Core 834

Anschutz #3, Lake Erie 162-G-3
T004792 - Core 695

0

2099.74 ft
640 m

Gamma Ray API Units
0

Gamma Ray API Units
0

200

250

Bulk Density (g/cc)

200

2.25

Consumers’ Pan Am 13057, Lake Erie 56-E-3
T002759 - Core 999

3.00

Neutron Calibration Units

Gamma Ray API Units
0

Consumers’ Amoco 13102, Lake Erie 96-D-1
T002803 - Core 1001

Neutron Calibrator Units

200

200

1000

Gamma Ray API Units
0

Consumers’ 13170, Lake Erie 94-M-3
T003439 - Core 438
Gamma Ray API Units
0

Gamma Ray API Units
0

Neutron Calibrator Units

200

250

200

Radation Increases

Neutron Calibrator Units

200

200

1350 ft
411.48 m

Place Anschutz, Lake Erie 19-X-1
T004008 - Core 683

Pembina #2, Lake Erie 65-E-2
T006752 - Core 916
Gamma Ray API Units
0

1400 ft
426.72 m

45

200

45

Gamma Ray API Units

Neutron Porosity -15
Density Porosity -15

0

1033.46 ft
315 m

1350 ft
411.48 m

1550 ft
472.44 m

1000

1050

Neutron Calibrator Units

1050
1300 ft
396.24 m

Anschutz, Lake Erie 92-N-3
T003792 - Core 371
Anschutz, Haldimand Lake Erie 22-S-4
T003853 - Core 229
Gamma Ray API Units

Bulk Density (gm/cc)

200

2.25
900 ft
274.32 m

3.0

0

Bulk Density (gm/cc)

200

2.25

Consumers’ 37721, Wainfleet 2-2-III
T003723 - Core 173

3.0

Gamma Ray API Units

900 ft
274.32 m

0

Neutron Calibrator Units

200

400

1100

1850 ft
563.88 m
2132.55 ft
650 m

Thorold Fm
1450 ft
441.96 m

Grimsby Fm

1350 ft
411.48 m

600 ft
182.88 m

2214.54 ft
675 m

1450ft
441.96 m

1450ft
441.96 m

650 ft
198.12 m

1550 ft
472.44 m

Whirlpool Fm

1600 ft
487.68 m
1500 ft
457.20 m

1550 ft
472.44 m

Power Glen Fm

700 ft
213.36 m

1050 ft
320.04 m

Manitoulin Fm

Whirlpool Fm

Whirlpool Fm

Whirlpool Fm

2020 ft
615.70 m

1750 ft
533.40 m

Cabot Head Fm

Manitoulin Fm

Whirlpool Fm

2296.59 ft
700 m

Devils Hole Fm
1500 ft
457.20 m

1050 ft
320.04 m

Manitoulin Fm

2000 ft
609.60 m

Artpark Phosphate

1500 ft
457.20 m

1700 ft
518.16 m

1000 ft
304.80 m

1148.29 ft
350 m

Cabot Head Fm
1450ft
441.96 m

1000 ft
304.80 m

Devils Hole Fm

Devils Hole Fm

Cabot Head Fm

Manitoulin Fm

Thorold Fm

Grimsby Fm

Devils Hole Fm

1950 ft
594.36 m

Cabot Head Fm

950 ft
289.56 m

Grimsby Fm

Grimsby Fm

1650 ft
502.92 m

289.56 ft
950 m

Grimsby Fm

1500 ft
457.20 m
1400 ft
426.72 m

1066.27 ft
325 m

Thorold Fm

Thorold Fm

1900 ft
579.12 m

Thorold Fm

590 ft
179.83 m

1400 ft
426.72 m

1600 ft
487.68 m

Devils Hole Fm

1400 ft
426.72 m

1550 ft
472.44 m
1230.31 ft
375m
1100 ft
335.28 m

1100 ft
335.28 m

750 ft
228.60 m
760 ft
231.64 m

1520 ft
463.30 m

Carbonate rich
West

Sediment rich
East

Legend
Shell beds

Cuttings available

Whirlpool Formation

Devils Hole Formation

Phosphate lags

Core and/or cuttings
available, not logged

Manitoulin Formation

Grimsby Formation

Original geophysical picks (Form 7)

Core logged

Cabot Head Formation

Thorold Formation

Queenston hang

No core or cuttings available

Power Glen Formation

Artpark Phosphate Zone

New geophysical picks
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Appendix B: 1 Fencepost cross-section A-A’ Fencepost cross section
extends from onshore of Lake Erie eastward onshore to the United States/
Canada border line (See Appendix B, B:3)

Pembina Central, Lake Erie 184-I-2
T008522 - Core 1062
Consumers’ Pan Am 13057, Lake Erie 56-E-3
T002759 - Core 999
Gamma Ray API Units
0

200

0

Consumers’ Pan Am 13035, Lake Erie 101-K-3
T002564 - Core 834

Neutron Calibrator Units

200

Bulk Density g/cc

Gamma Ray API Units

1000

Gamma Ray API Units
0

200

250

Neutron Calibration Units

Consumers’ Pan Am 13036, Lake Erie 118-MT002523 - Core 808

1050

1300 ft
396.24 m

Gamma Ray API Units

1550 ft
472.44 m

0

250

Gamma Ray API Units

1050

0

1650 ft
502.92 m

2.25

3.00

1804.46 ft
550 m

Consumers’ 13138, Lake Erie 158-HT003274 - Core 440/977

Neutron Calibrator Units

200

200

Neutron Calibrator Units

200

300

1100

1720 ft
524.25 m

Thorold Fm

1350 ft
411.48 m

Thorold Fm
1600 ft
487.68 m

Thorold Fm
1700 ft
518.16 m

Grimsby Fm

1750 ft
533.40 m

1886.48 ft
575 m

Grimsby Fm

Devils Hole Fm
Grimsby Fm

Devils Hole Fm

1400 ft
426.72 m

1800 ft
548.64 m

1650 ft
502.92 m

Devils Hole Fm

Cabot Head Fm
1750 ft
533.40 m

Cabot Head Fm

Cabot Head Fm
1450ft
441.96 m

1800 ft
548.64 m

1700 ft
518.16 m

Manitoulin Fm

Manitoulin Fm
1800 ft
548.64 m

Whirlpool Fm

Manitoulin Fm
Whirlpool Fm

Whirlpool Fm
2001.31 ft
610 m

1820 ft
473.96 m

1500 ft
457.20 m

1968.50 ft
600 m

1900 ft
579.12 m

1750 ft
533.40 m

1520 ft
463.30 m

Onshore
North

Offshore
South

Legend
Shell beds

Cuttings available

Whirlpool Formation

Devils Hole Formation

Phosphate lags

Core and/or cuttings
available, not logged

Manitoulin Formation

Grimsby Formation

Original geophysical picks (Form 7)

Core logged

Cabot Head Formation

Thorold Formation

Queenston hang

No core or cuttings available

Power Glen Formation

Artpark Phosphate Zone

New geophysical picks
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Appendix B: 2 Cross-section B-B’ extends from onshore of Lake Erie southward to
the United States/Canada border line in lake Erie (See Appendix B, B:3)
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Appendix B: 3 Geographical distribution of A-A’ (red) and B-B’ (blue)
cross sections. For detailed well descriptions, see Table 1.1.
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Appendix C
Appendix C: Thin section plates for priority and fencepost cores

Appendix C:1 Photomicrograph of potential Reynales/Fossil Hill Formation, 1-6- Core 173, depth
183.37 m

Appendix C:2 Photomicrograph of potential Thorold Formation, 1-6- Core 999, depth 183.44 m

Appendix C:3 Photomicrograph of fine grade sandstone and fossiliferous material, potential Thorold Formation, 1-6- Core 173, depth 186.47

Appendix C:4 Photomicrographs of fine grade sandstone, fossiliferous material, and phosphatic
grains, potential Grimsby Formation, 1-6, core 834, depth 491.19 m

Appendix C:5 Photomicrograph of fine grained sandstone, bioturbated bed, potential Thorold
Formation, 1-6- Core 999, depth 418.00

Appendix C: 6 Photomicrograph of bioclastic grainstone, bryozoan rich with calcite cement, potential Grimsby Formation, 1-6- Core 999, depth 426.71 m.

Appendix C: 7 Photomicrograph of bioclastic packstone, potential Manitoulin Formation, 1-6Core 999, depth 445.00 m.

Appendix C: 8 Photomicrograph of sand and mud matrix, arenaceous sediments, potential Manitoulin Formation, 1-6- Core 999, depth 449.35 m.

Appendix C:9 Photomicrographs of very fine grade sandstone, potential Whirlpool Formation, 1-6,
core 999, depth 450.10 m

Appendix C: 10 Photomicrograph of mud matrix to bioturbated lime, ‘A’, potential Manitoulin
Formation, 1-6- Core 1001, depth 426.79

Appendix C: 11 Photomicrograph of mud matrix to bioturbated lime, ‘B’, potential Manitoulin
Formation, 1-6- Core 173, depth 426.79

Appendix C:12 Photomicrograph of mud matrix and laminae, potential Whirlpool Formation, 1-6Core 1001, depth 463.30 m

Appendix C: 13 Photomicrograph of siltstone and laminae, potential Whirlpool Formation, 1-6Core 1001, depth 463.92 m.
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